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PREFACE. 



If a genius in the art of Smoke-dispersion were to suggest the 
collection of all the smoke of London in one huee chimney, he 
might possibly gain the appforal of a select circle of theorists, 
but would not he likely to receive the appointment of engineer to 
a Metropolitan Smoke-Commission. Nor, indeed, if he qualified 
his proposition so as to embrace a separate chimney for each side 
of the Thames, or a high level chimney for Hampstead, and a low 
level one for Whitechapel, would he materially improve his chances. 
It might be suggested, that these main chimneys must needs be of 
rather formidable dimensions, somewhat costly in construction, 
and after all, of questionable utility. The difficulty of inducing the 
aggregate of metropolitan carbon to pursue its course obediently 
to two or three outlets without accidental or capricious escape by 
the way, and the cyclopean functions of these outlets when reached, 
would occur to the practical mind of London as serious contin- 
gencies, and probably frighten it from any further consideration of 
the project. But even should the scheme win the sanction of in- 
dividuals in the hope that it might obviate the difficulty *of obey- 
ing the legislative prohibition against smoke, it could scarcely fail 
to force the question how to dispose of the emissions of the two or 
three metropolitan chinmeys, so as to prevent a ereat nuisance in 
their localities equal to the sum of ail the little nuisances that 
have hertofore pervaded each district of the town. Beyond other 
objections, however, one would effectually negative the proposal, if 
it could be shown that, so far from the smoke being smiply a 
matter to be got rid of, it was really a valuable material profitably 
applicable in the suburban districts surrounding the metropolis, and 
that its conduction away to two or three distant points would 
therefore impose the expense of bringing it back for ultimate ap- 
propriation. 

Is not this supposed case of London smoke a fair parallel with 
the proposed case of London sewage ? It is submitted as such. 

Is it necessary, or advisable, or economical^ to construct miles of 
tunnels, and literally sink millions of money in order to take to 
Barking, or other remote districts, and in quantities nearly unma- 
nageable from their immensity, that which may, without offence 
to our senses, be prepajed for profitable use on the lands in other 
directions around the metropolis ? 
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It is submitted that the answer must be in the negative, if the 
possibility of so appropriating the sewage be admitted. 

Even if this possibility were not already ascertained, would the 
adoption of the tunnel scheme be justifiable, pending the inquiry, 
or until it had been fully proved that no system of District 
Collection and treatment of sewage could be innocuously and 
profitably resorted to 1 

It is submitted that the answer must still be in the negative. 

It is further submitted, that if the evidence in favour of Dis- 
trict Collection is yet incomplete, it is simply because it has not 
yet been sought, and that while the soundness of the principle is 
patent to our common reason, the value of its application is con- 
sistent with all experiments hitherto instituted. 

In the following pages, the circumstances of site and position of 
towns generally are described, and the conditions to be observed 
in order to accomplish the purpose of town-drainage are laid 
down with reference to these cucumstances. By way of illus- 
tration, the works constructed for the drainage of London are de- 
scribed at considerable length, and most of the prominent projects 
for its improvement are referred to. Reports from eminent 
engineers are quoted, and an attempt is made to present a sketch 
of the present position of the question, " How may London be 
effectually drained?" 

From some of the recommendations quoted, a dissent is ven- 
tured, upon the ground that our evidence as to the best and 
most profitable disposal of town sewage, although noc yet com- 
pleted, is sufficient to establish the principle of Distri ^ Collec- 
tion as apposed to that of Concentration. Upon the treatment 
of sewage much valuable experience is recorded in the Appendix, 
and a further pursuit of this subject will, it may be reasonably ex- 
pected, show us precisely how to deal with the sewage of any 
town, and, in reference to our own metropolis, dictate the details 
of arrangement of stations and apparatus for converting its sewage 
into valuable manure most readily and economically available for 
agricultural and horticultural purposes. 



NoTB. — Since the Appendix wa$ prepared for press, permission 
has been obiain>ed in the nofose cf Commons for introdttein^ two hiUs, 
one of which is to continue the existence of the Metropolitan Comr 
mission of Sewers for another year, with a limitation of its porters, 
and the other to contintte the General Board of Health for ttoo years^ 
with such a revision of its constitution as wiU jdace it under th$ 
authority of the Borne Secretary. 
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DIVISION II. 

DBAINAQE OF TOWNS AKD 6TBEETS. 
SECTION I. 



1 Classification of Towns according to Position and Bztent — Varieties of 

Snrikee^ LereU and Inclinations. — Application of Sewage Manure. — Me* 

I trapolitan Sewage Manure Company.— Methods of treating Sewage. — 

Magnitude of London Sewers. — The F\jBet Sewer. ~ Metropolitan Com< 

i mission of Sewers. — The Tunnel Scheme. — Great London Drainage Bill. — 

I Messrs. Stephenson and Cubitt's Evidence. — General Board of Health. 

f 194. AcooBDiNa with our definitions (Part I. p. l), we 

propose to treat of the mpply of water to touma and buHd- 
ings as a branch of the general subject of Drainage, since 
the purposes of the art cannot be effected without an ade- 
quate and regulated supply of water by a combination of 
natural and artificial agencies, the extended control over 
which constitutes the purpose of water-supply for all high- 
way, manufacturing, and domestic uses. 

196. The means of obtaining water for towns, and of 
conducting the drainage matters from them vary, mainly, 
according to their position with reference to the sources of 
water; and, in a subordinate degree, according to their 
superficial extent. The sources being those already enu- 
merated in our First Part, viz. rivers, rains, and springs, the 
command of one or more of these will be presented as the 
most economical means of deriving the necessary supply 
for each town under consideration. Towns situated on the 
banks of tidal rivers, or in near proximity to them, may be 
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usually sufficiently supplied from these sources, unless some 
parts of the district extend upward to such elevation above 
the river-level that the raising of this supply requires Ex- 
pensive artificial power; in which case springs at higher 
levels may be advisably i^esorted to, or the drainage waters 
from superior lands may be so conducted as to assist the 
supply. Towns which are far distant from rivers are com- 
monly entirely dependent upon springs or drainage waters 
for their artificial supply. 

196. The refuse matters to be discharged from towns and 
buildings, — conBistiiig of tiie disintegrated materials of 
street paving and roads ; of superfluous rain water ; of ex- 
crementitious matters, solid and liquid ; of the waste pro- 
ducts of combustion; oS the refuse of animal and vegetable 
dDbstanees ; besides the various waste matters used in ma^ 
nufactures, — ^requfare arrangements of different kinds to be 
provided with regard to the purposes to which thesre m&t- 
ters may be usefully applied. For such discharges of these 
matters as are to take place through subterranean channels, 
one principle is, however, common to all, viz, that the re- 
ceptacle to which they are conducted must be situated at a 
level somewhat lower than that from which they are for* 
warded. The arrangements for this purpose will, Uierefore, 
be varied according to the nature of the site of the town. 
If this be low in relation to the surrounding country, and 
level, the refuse may be indifferently collected within or 
without the town, with, however, the advantage in the latter 
plan of avoiding such exposure of the decomposed matters 
as tends to pollute the atmosf^iere, and at the same time 
saving distance in the transfer of such portions of those 
matters as are destined for agricultonil uses. If the site of 
the town be a valley with lower ground in the midst of it 
than is fonnd anywhere without its limits, the readiest point 
of collection will be the lowest level in the town itself at 
which the drainage can be united, and artificial power will 
be required to distribute such matters as are intended for 
agricultural purposes around the higher ground outside. 
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From towns which oeeupy derated sdtes, having lower lamb 
around them^ the refuse matters and dnonage waters should 
be condtteted awajr atonee; or, if found neoessarjrtooolleet 
them, a point or points should be selected for this purpose 
altogether beyond the limits of the town itself. 

197. In the several cases here supposed, the question of 
disposing of the refuse matters should be treated without 
taxf reference whatever to the presence of a river through 
or contiguous to' the town, except iqnm the single consi- 
demtioQ that such river, being in all probability situated at 
tibe lowest level of the site, may afford faeihties, after the 
refuse has been collected in reservoirs near its banks, for its 
conveyance in suitable barges or vessels towards the higher 
lands for which some portion of this refuse is ultimately 
destined. Former practice in the fort of town-draining has 
indeed regarded the one question of hver or no river, as the 
grand determinal one for the disposal of drainage and 
refuse matters. How to get rid of the animal ordure 
created within the walls of a town, was formerly deemed to 
be satisfactorily answered provided a river flowed beneath, 
and offered a tide to wash away in boundless wasteMness 
those matters which, properly applied, will endow barren 
lands with the richest fertility. 

198. Although reluctant to dwell upon the trite subject 
of the imp&rtanee of draining, we claim attention to this 
great leading principle in the drainage of towns and build* 
ings, viz. that the ultimate economy of the art comprehends 
two distinct purposes, whereof the second — the disposal 
and utility of the refuse matters^— is little less in importance 
than the first — ^the discharge of these matters from the 
dwellings and highways of men. And the accomplishment 
of this second purpose involves the beneficial appropriation 
of refuse matters so as to make them actually productive, 
and avoid interference with those healthy uses of inland 
waters for which they are properly adapted. In illustration 
of this principle we will endeavour to estimate the value 
for agricultural purposes of the ezcrementitious matters 
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flowing from a town, from which estimate the pernicious 
effects of discharging those matters into the courses whence 
the sjipply of water is derived for the .several uses of the 
population may he readily inferred. 

199. The value of manures as promoters of vegetation 
is known to result from their possession of the essential 
element, nitrogen, in the form of ammonia, witli the sub- 
ordinate properties of alkalies, phosphates, and sulphates. 
Now, the experiments of Boussingault and Liebighave 
furnished us with the means of estimating the quantity of 
nitrogen contained in the excrements of a man during one 
year, at 16-41 lbs., upon probable data, and also that this 
quantity is sufficient for the supply of 800 lbs. of wheat, 
rye, or oats, or of 900 lbs. of barley. *' This is much more 
than it is necessary to add to an acre of land, in order to 
obtain, with the assistance of the nitrogen absorbed from 
the atmosphere, the richest crops every year. By adopting 
a system of rotation of crops, every town and farm might 
thus supply itself with the manure which, besides con-* 
taining the most nitrogen, contains also the most phos* 
phates. By using, at the same time, bones and the lixi- 
viated ashes of wood, animal excrements might be com« 
pletely dispensed with on many kinds of soil. When human 
excrements are treated in a proper manner, so as to remove 
this moisture, without permitting the escape of ammonia, 
they may be put into such a form as will allow them to be 
transported even to great distances." ^ Making reasonable 
allowance for the reduced quantity produced by children, 
we shall be safe in assuming the nitrogen thus resulting 
from any amount of population to be equal to the supply 
required for affordmg 2 lbs. of bread per diem for every 
one of its members !' Or assuming an average of 600 lbs, 
of wheat to be manured by each individual of the popula* 
tion of London; and taking this at two millions, for a 
rough calculation, the manm^e thus produced is sufficient to 
supply the growth of wheat of a total weight of 1200 mil . 
• Liebig. 
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lioiis of pounds, or 585,714 tons. The total manuring 
matters, solid and liquid, produced in a to^im, allowing for 
those which are produced in manufactories and sewage 
water, are probably equal in weight to one ton annually for 
each member of the population, or two millions of tons 
produced in the metropolis. 

$200. That this vast quantity of manure should be made 
available for agricultural production is a principle which 
cannot be denied, and which is properly limitable only by 
the consideration of expense as weighed against the value 
of the results. The expense will be made up mainly of 
three items, viz. of the coUsctiony of the raisingt and of the 
distribtUion of the refuse matters. The collection being an 
item common to all methods of disposal, will not be 
chargeable entire in any comparative estimate, but as modi- 
fied by the peculiarities in the collection of which the plan 
is susceptible. The cost of raising is of course wholly 
chargeable to a system of artificial dispersion, as distin- 
guished firom the prevailing modes of self-discharge into 
low channels, but the former system will be debited only 
with the excess of expense (if any), beyond that incurred 
by the present methods of distributing the manuring mat- 
ters for use upon the land. The cost of each of these 
works, however, may be reduced to a minimum by skilful 
arrangements, and our experience is yet insufficient to ena- 
ble us to determine these with that precision which further 
practice will secure, or to estimate their total with the ex- 
actness necessary for forming a just comparison between 
the present and the proposed methods. 

201. In a subsequent part of our work we propose to 
consider the items of cost in carrying out an efficient sys- 
tem of town-drainage ; being satisfied, ' at this stage of our 
subject, in declaring the fundamental principle that the 
refuse of a town, including not only excrementitious, but 
all other waste matters and sewage, is far too valuable to be 
thrown away ; and tliat the question of its appropriation 
should be made dependent only upon rule& of a liberal 
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eeouomy, whkh ought, moreover, to he severely criiieised 
before admitted to practical cooBideraUoii. 

d02. The palpable inference from this principle is, as 
already stated, that the contiguity and position of a rirer, 
with xeferenee to a town, have no neeessaiy connection widi 
the arrangement of its drainage beyond the facilities whicli 
may be thus afibided for the passage or subsequent convey- 
ance of the sewage matters for their ultimate disposal. For 
it is quite certain that no correct general views of town- 
drainage can prevail while we continue to regard a river as 
the natural and suitable trunk sewer into which all collar 
teral and main courses of brickwork are to discharge their 
fodtid contents, which, according to the state of Ihe river, 
are either immediately spread upon its banks to contamL 
nate the air of the town, or duly infused in its waters, to be 
afterwards exposed with the same vicious e&setM, 

203. From the principles here laid down, it will be un« 
darstood that in the twofold purposes of the drainage of 
towns, viz. the supply of water, and the discharge and dis* 
posal of the r^use matters, the relative levels of the town, 
with the adjacent districts, and o{ ihe several poiHons of 
the town with each other, are the mcun considerations upon 
which the peculiar methods to be adopted in eaeh case are 
determinable ; but it will also be evident that, generally, 
those 6ur&ces which are the most favourable for an ec<Hio- 
mical water supply are the least so for the ready disposal of 
refuse matters, and the converse is equally true ; those sur^ 
faces which present facilities for dispersing dramage-matters 
being commonly the least accessible to water. 

^4. Thus the flat districts on the margins of rivers and 
inland streams of adequate capacity are the most favourable 
sites for tewns for the supply of water, but for drainage 
they are the least so ; since the main channels or sewers 
are required to be laid at low levels, and the raising of their 
contents for use upon the neighbouring lands, which are 
probably much higher, becomes a very expensive process. 
On the other hand, a town <m a hili-tep is the most readily 
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and cheaply dreaned ; bat its supply mth water, whetber 
fkom springs, riverfi, or mihee dxkinagd**-^ at lower ley^la 
•^18 a work of grei^ and constant cost 

Let us eoQsider ibe sereral kinds of site which towns 
may oeeopy. 

205. FirsL-^A. plain or flat surfiiee, with surrounding 
country of similar character. Water from rivers, springs, 
or from the surfiice of lands in die neighbourhood. Arti« 
ficial power will be probably required to raise the water, 
however derived. The drainage maUers must be conducted 
into one or more main sewers, and raised by artificiai power 
for dispersion upon the land. 

^6. Second. — ^A plain or flat surface, witii surrounding 
country rising Ifrom the town. Unless well situated with 
regard to a river, the supply of water will probably be the 
most economically obtained from springs on the hills, or 
ftom the collection of the waters which accumulate upon 
Iheir surface. The drainage matters, if destined for the 
higher lands, should be generally conducted by mains 
towards the outskirts of the town, and the questLon of levels 
will evidendy derive additional importance &'om the neces- 
sity of raising the sewage to levels naturally above that of 
the town itself. 

^7. Third. — ^A. plain or flat surface, with surrounding 
eountry Mling from the town. The supply of wat^r beyond 
that derived from wells and springs will requu^ artificial 
power, while the drainage mattere may be collected in main 
sewers, and, m all probability, dispersed without any appli- 
cation of power, by ^ force of their own gravity. 

208. Fourth. — An inclined surface on the side of a hill. 
Wat4r will be derivable, probably, from several sources. If 
a river flow at the base of the site, the lower parts of the 
town will be most economically supplied £pom it, while for 
the higher the sur^euse water fcom lands above or springs 
will be the most readily available. The geneml system of 
collecting and distributing the drainage matters will be 
ebiefly dependent upon the localities wiieve they are in- 
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tended to be ultimately disposed of. If these be on the 
lower part of the hill, the method will be very simple, re- 
quiring only that main sewers be laid at the base of the 
town, from which the sewage may be distributed without 
any application of artificial power. But if the disposal of 
the sewage be inevitably desired on the lands above the 
town, the site constitutes one of the least favourable for 
economical drainage, which will require a constant expendi* 
ture of artificial power. 

209. A river-valley and a hill-top will evidently present a 
repetition or duplication of similar features to those here 
described, the only limitation in the resemblance being that» 
in the case of a town on the summit of a hill, the water 
supply will, most probably, be derivable only from lower 
sources by artificial power. 

In these sketches the general superficial features of the 
site are of course only referred to. Intermediate undula- 
tions which may exist will afifect the determination of the 
details of any arrangement of channels designed for serving 
the drainage of the town. 

210. With reference to the artificial power which may be 
required for the supply of water, or the discharge of the 
drainage matters, if a tidal river can be commanded, it 
becomes a question of the highest importance whether this 
cannot be, and, if so, in what way, made available as a 
source of the power required. And another question de- 
serving the most attentive consideration is, whether the ebb 
tide may not be rendered efficient in aiding the discharge 
of the sewage where the ML is inadequate to insure its self- 
discharge. 

211. As a general principle in town drainage, however, it 
should be so arranged and conducted as to require no arti* 
ficial supply of water. The surface water should always be 
made sufficient to cany away all refuse matters, solid as 
well as liquid. Two reasons exist for this : first, the econ- 
omy of the water, which in many cases is a paramount^ and 
in aU should be a leading, consideration; and« secondly^ 
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the dilution of the sewage with any unnecessary Uqoid 
involves more capacioua arrangements for its diifosion, and 
in most instances an extravi^ant amount of power to raise 
it. 

312. The utmost economy of water for draining pmposes 
can he secured only when a sufficient inclination in the 
sewers can he ohtained. The methods of making a fall 
the most effectual are, therefore, deserving of the, most 
careful attention in every scheme for town-drainage. The 
application of the tidal waters for assisting the discharge 
of the sewage can consequently he entertained only with 
reference to the principal main sewers at the lowest level, 
and with such adaptation, if practicahle, as will admit 
the subsequent separation of the proper sewage matters 
from the water thus introduced to aid their progress and 
discharge. 

213. Although the rules here suggested should be kept 
in view as leading objects in all arrangements of town- 
drainage, they will in many cases be admissible in part 
only, owing to the reference to existing works which is 
imposed upon us. Thus, in all towns for the attempted 
drainage of which some arrangements or other have already 
been executed, our practical operations become doubly dif- 
ficult, since we are constrained to endeavour to reconcile 
these with the improved details which correct principles 
induce us to prefer. By way of illustration, which will be 
found fully instructive, let us turn our attention to the 
works now in action upon and beneath the surface of oiir 
own metropolis, and consider how the principles here 
stated can be the best applied to improve the means of its 
drainage. 

214. LONDON, standing upon a bed of clay, the sub< 
strata to which, successively, are plastic clay, chalk, and 
gault, occupies a part of the valley through which the river 
Thames has its course. The site of the town in some 
places rises gently from the river, and at others is below 
the level of high water, extending in dead fiat districts. 

B 8 
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Vov 4be principal part, however, tbe sorfaee zkea above the 
river, viiich therefore eame,to be regarded as die natural 
and proper diamiel for all the dxainftge of die town, the 

main sewers having been arranged to discharge their con- 
tents into it. Indeed, so thiHxnigfalj was tiiis purpose of 
-the river formerly recognised, thai the Thames was &.mi« 
liariy termed the ''Grand Sewer of London" 

di5, Now, in order to make this method eflSective oi only 
one of the tme purposes of drainage, viz. the mere getting 
rid of the sewage matters.-^t is evident that the arrange- 
ment must be such, that the whole of these matters are 
duly collected Hn the buildings and streets, and delivered 
into the sewers; also, that these «« so constructed and 
situated that the matters they receive shall pass as rapidly 
as p(^sible, and certainly without any interruption that 
would amount to stagnation, into the main sewers, and thai 
these f^ain faithftiUy and promptly convey the sewage into 
the final receiver, the river. So far, however, from being 
fulfilled in their entirety, no one ai these conditions is fully 
and satisfactorily discharged. Thus, in many parts of the 
town, the refuse matters are collected in holes beneath the 
houses, and removed only vrhen these boles become filled, 
and the surrounding soil permeated to supersaturation. 
Some districts have no sewers or drains of any description ; 
and again, of the sewers which are constructed, very-^— very 
few, are fonned with a rate of declivity sufiSicient for the 
self-discharge of the sewage, while many of them are laid 
perfectly level. Attempts are made in some districts to 
obviate the ev'ik of insufficient declivity, by a flushing of 
water through the sewers, ^e yrater being, for this purpose, 
accumulated for a time, and then suddenly released, so as 
to produce the effects of a powerful current. Of these 
mediods some detdls will be found in a subsequent part of 
this treatise ; but they can be regarded (mly as palliatives, 
and expensive ones, applying, moreover, to one only of the 
many imperfections of the present system. The crowning 
defect} howeter, exists at the last stage of this maehmeiy, 
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where the outfall6 of the sew^:^ into the river ai*e so low, 
that their eontente are delivered at, or a little above, low- 
water level. The decomposing matters are consequently 
delivered upon the banks of the river, and left there to 
stagnate and poison the atmosphere, and to be brought up 
with the next tide for the thorough pollution of the waters. 
This is an irremediable evil of the present arrangement, 
by whieh no adequate fall can be obtained for the sewers, 
consistent with their discharge into the river near the high- 
water level, the only position in which the sewage could be 
effeotofllly conveyed away from the hi^er towards the 
lower difitrictfii. Into some of these sewers the water of 
the tide is permitted to enter, the immediate consequence 
oi which necessarily is, that the discharge of the sewage is 
suspended, and the gases engendered by the decomposing 
matter withm the sewers are driven back towards the town. 
The retam of the tide of cpurse assists the outflowing of 
lbs contents of the sewers to some small extent ; but, not- 
withstanding this expedient for assisting the discharge, the 
sewers are found to require periodicfd cleansing by hand, 
the foul matters being raised to the surface in buckets, and 
conveyed away in carts. 

^16. Of the many details of imperfection which maik the 
existing combination of arrangements constituting the sewer- 
age of the metropolis, all who have studied the subject are, 
to some extent, cognizant, and all are equally prepared to 
admit the mi^itude of the several improvements which 
have been made. within the last twenty years, and which 
tend to alleviate some of the most palpable evils of the 
prevailing system; but no thorough rectification can be 
effected imtjl the correct principles of town-drainage are 
recurred to, and applied with such modifications as may 
enable us to make the best use of existing arrangements, 
without sacrificing objects of greater magnitude and im- 
portance. 

217. All the real difficulties of the drainage of London 
have their origin in the great en'or of attempting tc conveit 
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Hie river Thames into the common receiving sewer. In 
the attempt to accomplish this improper object, the sewage 
is brought down from the high lands, distances of miles, 
and heights of many feet, away from the very points where 
it should have been collected, and would be at once avail- 
able for agricultural purposes. In the same attempt it has 
been found necessary to construct the lower ends of these 
sewers of immense size, in order to contain the accumu« 
lated sewage with which they are thus loaded. As the 
buildings have been extended, or a necessity has arisen 
for accommodating lower levels, the main sewers have been 
industriously removed, and rebuilt below theu: former posi* 
tion, and their capacity enlai^ged, to provide for the in- 
creased quantity poured iato them. In the same obstinate 
attempt to pollute the waters of the river, miles of sewers 
have been constructed without any declivity whatever, on an 
absolute level, in which, as a necessary consequence, the 
refuse matters accumulate and solidify, until some happy 
rush of surface-waters sends them onward to the common 
receptacle, from which the population has the privilege of 
afterwards supplying their personal and household wants. 
Now, let us banish the notion of turning oiu* rivers into 
sewers, and consider how the sewerage could be best ar- 
ranged, supposing it had to be done as an entirely new work, 
and that we were unfettered by any consideration of making 
present subterraneaa structiures available for the purpose. 

218. Without seeking records of the actual levels of any 
one of our river-watered towns, we may assume as a feature 
common to many of them the existence of several ranges 
of elevation, running parallel, or nearly so, to the direction 
of the river, which we will suppose to be generally east and 
west. These ranges of elevation will be interrupted at 
intervals by ancient water-courses, and also by small ridges 
running north and south. These several features of the 
natural surface will determine the most economical courses 
for the general system of drainage. Thus the highest of 
the ranges (which we will call a) should have a course- of 
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sewers for the especial service of the districts ahove it'; the 
next range (b) should have another course of sewera to serve 

Fig, 67. 




the district between a and b ; the following range (c) should 
similarly be provided with its course of sewers to drain the 
district between b and c, and so on, as in the sketch, ^g, 67. 
The general inclination, east ai^d west, of each of these 
courses of sewers would be determined by the position 
of the ridges and hollows running north and south, as 
shown in ^g. 68, where the highest points of the several 




courses would be at r, and the lowest at h successively. 
By this arrangement, means would be obtained of collecting 
the sewage at each level or range of elevation, and dis- 
posing of it with the minimum power to be expended in 
raising it for manuring purposes. 

a 1 9. The next great question to be determined would 
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be, the most economical power that could be obtained at 
each of these points, h, for the purpose of raising the 
sewage fof dispersion upon the land. For the lower level 
or range, tb^ pumps could be worked by wheels driven l?y 
the tide of the river-water; and, in all probability, those 
for the upper levels could be worked, at any rate partially, 
by streams of water conducted, in suitable chaimels, from 
the uplands. At least, while we can command the immense 
water-power of rivers, and of the accumulated surface 
drainage from the large districts above, the best means of 
making this available for our purpose deserve all considera- 
tion, before we resort to the expensive power of steam. 
VoiP tbe ext^ud^d iSat districts of towns ivhich bound tid^ 
rivers, the tides of the river could also be made avftikbla, to 
a great extent, in doing the work required. The coi»pler 
iioii of the scheme would then want tbe details of tha 
anangemeats to be made suitable to the superficial feature^ 
a^d relative levels of each part of the site for the co{i- 
structioD, &c„ oi tbe sewers, and the machinery to be 
applied for raising and distributing tlie sewage; and we 
should finally be prepaied to aiTange the minor channels 
or drains so as to subserve the efficient cleansing of every 
inch of the surface, and of i^yery individual tenement in 
the town. 

220. The ^rangement here suggested will be the more 
peculiarly applicable, in proportion as the site resembles 
the general regularity of surface which we have supposed. 
In many parts of London th£re ib no imiformily of incli- 
nation, and in others the rate of inclination is so trifling, 
that the surface may be treated nearly as a level. But the 
illustration we have referred to shows the general principle 
0/ the arrangement which would promote the greatest 
economy in the drainage oi a town, the site of which 
resembles, in its prineipal features, the sectioii given in 
fig. 67. In the application of (his general system to 
London, as it is, these d^artures of superficial character 
from the theoredcal regulaHty must of course receive duo 
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attenii^m; ftod, hejcmA thk, tfie esdstiirg ftrraagement of 
8ew«re must be cav^bliy noted and eonsulted, with tiie 
irie«r of reudmag them, as to a« poesible, ayaOablo as 
part* of the general plan. Untii Uiis existing arrangement 
is presentable to the eye, upon plans and sections of the 
metropolis thai ^all exhibit every peculiarity of surface 
and of sabtenanean straeture, by which the details of the 
plan to be adopted would be affected, no correct estimate 
can be formed of the extent of modifications that would 
be required, nor how weighty mi^ be the reasons for relin- 
quishing, in some parts of the town, the scheme of a suc- 
cession of levels or ranges of Novation. An acquaintance 
with these details will probably show the expediency of 
making use of some of the existing main sewers through- 
out the principal part of their length, but imtebceptino 
their contents before they reach the river, and forming 
tanks or odier receptacles in which these matters should 
be collected. 

SfJl. The two objects — the public health, and economy — 
being kept distinctly in view In the design and execution of 
these arrangements, it becomes necessary to show that the 
sewage can foe collected, treated, raised, and dispersed, 
without any detriment to the first of these objects; and 
thai these purposes can be effected at such cost as will be 
at least balanced by the advantage of applying the sewage 
as manure, or a material for irrigation. 

922. The contents, of the sewers, consisting of human 
and animal excrements, earthy matters earned down by 
the surfiice water from the roads and streets, with some 
portion of decayed vegetable and animal substances, &c., 
although at first partly sc4id, afterwards become reduced to 
a thick liqtdd state, of tolerably uniform quality. During 
the putrefaction of these matters, the ammcmia they contain 
(and which is one of their useful constituents) is disengaged ; 
and if this process take place in the open air, it is of course 
xyiingled with the atmosphere in tbe form of carbonMe of 
.ammonia, and leaves ti^ sewage in a less valuable con* 
dition. Now this volatile carbonate of ammonia may be 
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fixed in many ways. Thus says Liebig : — " Gypsum, chlo- 
ride of calcium/ sulphuric or muriatic acid, aud super- 
phosphate of lime, are substances of a very low price; and 
if they were added to urine imtil the latter lost its alka- 
linity, the ammonia would be converted into salts, which 
would have no further tendency to volatilize. When a 
basin, filled with concentrated muriatic acid, is placed in 
a common necessary, so that its surface is in free com* 
mimication with the vapours issuing from below, it becomes 
filled, after a few days, with crystals of muriate of am- 
monia. The ammonia, the presence of which the organs 
of smell amply testify, combines with the muriatic acid, 
and loses entkely its volatility, and thick clouds or fumes 
of the salt, newly formed, hang over the basin. In stables 
the same may be seen. The ammonia escaping in this 
manner is not only lost, as far as our vegetation is con- 
cemedj but it works also a slow, though not less certain, 
destiTiction of the wsdls of the building. For, when in 
contact with the lime of the mortar, it is converted into 
nitric acid, which dissolves gradually the lime. The injury 
thus done to a building by the formation of soluble nitrates 
has received (in Germany) a special name — salpeterfra99 ' 
(production of soluble nitrate of hme). The ammonia 
emitted from stables and necessaries is always in combina- 
tion with carbonic acid. Carbonate of ammonia and sul- 
phate of lime (gypsum) cannot be brought together at 
common temperatures, without mutual decomposition. The 
ammonia enters into combination with the sulphuric acid, 
and the carbonic acid with the lime, forming compounds 
destitute of volatility, and consequently of smell. Now, if 
we strew the floors of our stables, from time to time, with 
common gypsum, they will lose all their offensive smell, 
and none of the ammonia can be lost, but will be retained 
in a condition serviceable as manure. (Mohr.)" * 

223. Chemistiy thus supplies us with the means by which 

* "Chemistry in its Application to Agricnlture and Pbytiology," by 
Justus Liebig. Edited by Dn. Flay&ir and Qregoiy. Fourth £ditio%. 
lSi7, p. 189. 
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all the offensive and detrimental properties of the sewage 
may be suppressed, and all the useful properties safely 
retained. There is evidently no necessary reason why a 
tank or receptacle in which the sewage is collected and 
stored should be, in any respect, more disgusting to the 
senses, or injurious to the health of human beings, than a 
reservoir of the purest water. 

224. Can the remaining question of cost be disposed of 
with equal satisfaction, so as to show that the application 
of the sewage to manuring purposes may be effected with 
due economy ? Will the agricidtural value of the' sewage 
pay the exp^ises of applying it? We believe it may. 
These expenses will embrace the construction of the tanks 
or stores for ^e sewage, of the pumps and raising ma- 
chinery, and the means of treating the sewage with gypsum 
or other agent, and of distributing it upon the lands to be 
served; but against the total, in a comparative estimate, 
would have to be placed the cost of the present partial 
removal of night-soil from cesspools, the immense addi- 
tional cost incurred by the necessity of having immense 
sewers, the cost of outfalls into the river, and the expense 
of cleansing the present sewers by hand. Now, in order 
to form a rough estimate of these several expenses with 
which the present system is to be debited, we will assume 
the population of the metropolis to be two millions, and 
the number of houses 200,000, that is, ten persons to each 
house on an average; that half of these houses are still 
drained into cesspools, and that the cleansing of each of 
these costs one pound annually. We shall then have 
100,000/. as the annual cost of removing the contents of 
the cesspools of the metropohs. The number of miles 
of sewers constructed during the ten years from 18dd to 
1843, throughout the metropolis, was about 120, or, an- 
nually, twelve miles on an average; and the excess of 
capacity in these sewers, made necessaxy by the deficiency 
of declivity, and the great length to which they are ex- 
tended, probably involved a cost, in construction, equal at 
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leftst io ^OOOL per mile. This item would thus amoimi to 
^,000^ ftmiually, in which the expense of outfalls to the 
' river maj be ineUided. To these are to be added the exr 
peases of eleaosing the sewers bj hand, which may be 
modemtely eomputed at 10,000^ annually throughout the 
metn^liii. We ahall thus have aa amount of 1B4«000^., 
which would be annually saved in these it^ms by the pro- 
posed system. 

225. A very redueed estimate of the value, for manure, 
of the excreta of human beings (reduced avowedly for the 
sake of gaining public belief), Tepresents it at 6t. for each 
person annually, l^e value of the produce of the popula- 
tion of London would thus be 600,0002. per annum. Ad- 
mitting one-half of this to be now made available, we shall 
have the other half, amounting to 25O,00OZ., gained by 
ifae proposed mode of coUeetion, and adding this to the 
184,0002. estimated saving (224), we have a total of 884,0002. 
annually available for the expenses of construction and re* 
pair of apparatus, and eument cost of colieeting, raising, and 
treating the sewage of the metropolis. This sum will endow 
thirty-eight stations with an annual income each exceeding 
10,0002. for interest of capital in first construction and cur- 
rent expenses of working and treating. And this number 
of stations appears ^ly adequate to realize all the economy 
of power which ean be attained by judieiously provi^ng for 
several levels in each district of the metropolis. 

220. In order to fihow that this rough estimate as to the 
value of the sewage, and the cost of applying it, is not 
fonned upon fallacious data, calculated to induce an un- 
Ibimded preference for the method recommended, we may 
ref^ to the Mithority of the Superintending Inspectors 
wider the General Board of Health, Messrs. Oresy and 
Banger. Mr. Oresy, in reporting upon the present sanitary 
condition oi the borou^ of New Windsor, and offering his 
official recommendations ior its improvement, estimated this 
population at 10,200, and the annual value of ite sewage 
manure at from 10002. to 15002. And for the ^rsl cost of 



the appamtiis fbr difttnbutii^ this xoaaure, be allowed an 
expenditure of 40002., being 30001. itx 10 miles of pipe, 
aiid 10002. for pumping engine, &q. Mn Sailer estimated 
ib0 value of tbe sewage matters of ihe town of Uxbridge 
to be at least equal to 17002. per annum, the population 
being SdXO (in 1841), or about lOt. for each person ; and 
for the first cost of. the distributing apparatus* he allowed 
d5002. In reporting upon the town of Eton, of whieh the 
population was 96i0, in 1841, Mr. Gresy estimated the value 
of the e^oreta at 60(». annually, and the cost of maia 
sewers and tanks lor the sewage al lOOO/L 

2^7. These estimates of the value of sewage vary from 
2», to 10^. 6d. per individual, betweeu whieh our avenige of 
§«. is certainly ft safe medium* And the allowance for first 
cost of i^paratus for pumping, &c., varies from about fi«. to 
)/. 2f . per individual. If we aesome XL as a safe average, 
the annual interest, at five per cent., upoa two milli<ms of 
pounds, being 100,0002., we shaU have 234,0002. left for 
ihe current ejq^emea of our thirty-eight stations, or about 
74702. each amiuaUy, which must be admitted to be a very 
liberal estimate of the cost of pumping and treating Uie 
sewage. 

H^. Of the current awpmrnt^ of distributing the liquid 
sewage upon the land, and of first conveying it firom the 
stations to the districts to be suf^lied, whether by a system 
ef piping, or by vessels, or carta, it will not be necessary to 
offer any estimate here. These duties will probably involve 
an expenditure which would have the appearance of being 
heavy, i£ not fairly compared with the cost now inenrred in 
imprest manuring on tibe one hand, and on the other, 
widi the vastly-increased value given by the application oi 
the liquid sewage to the products <rf arable and pasture 
lands. When the costs and the results of the two methods 
can be, from actual and extended experience, placed thus 
fai juxtaposition, we are justified in anti<»pating that a large 
Mance ef advantage and economy will appear incontestai- 
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bly due to the system of applying and distiibuting the 
liquid sewage as here described. 

229. The multiplicity of stations necessary to carry out 
the scheme of ranges of elevation may appear to involve 
practical difficulties, and objections of a serious character, 
that should be adverted to, and their real value shown in 
contrast to the advantages which this iirrangement offers. 
The primaiy consideration which must be satisfactorily 
fulfilled is, the practicability of accomplishing this method 
without any sacrifice of health, by the raising and distribu- 
tion of the sewage at and from the several stations. The 
treatment with gypsum, already alluded to, may, it is pre- 
silmed, be carried on at such a cost as shall not impair the 
ultimate economy of the process, and in such a manner 
that no offence shall be committed against the most fas- 
tidious delicacy of sense. Indeed, the completion of the 
process would perhaps require that the gypsum should be 
administered either constantly, or at stated intervals, within 
the collateral or the main sewers, by which means all dis- 
engagement of foul gases would be prevented, and the 
sewage would arrive at the receiving tanks in an innocuous 
and fixed condition. But until this method is carried out, 
the tanks may be so covered in, and their contents ex- 
cluded from association with the external air, as that the 
latter shall not suffer any contamination ; and similarly the 
sewage, pumped up, may be distributed in closed pipes, or 
loaded into river or canal boats, or into wheeled vessels, so 
constructed of iron that the sewage, already purified in the 
tanks, shall be at once conveyed away, without exposure in 
the slightest degree. The great advantage, however, of 
effecting this purification at the earliest possible stage (and 
the only perfect system is that which shall provide for doing 
it in the drainage of each individual house) is too apparent 
to be disregarded or lightly estimated. It has been well 
remarked, that so long as our covered sewers are permitted 
to emit the noisome gases engendered by the putrefying 
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matters within them from the air grates and gully holes 
into the streets, they remain, to all intents and purposes, 
nuisances, and are nearly as dangerous and offensive as if they 
were open sewers. And when it is remembered that these 
Tery gases, which bring pestilence and death to our poor 
population, would, if retained within the sewage, constitute 
its most valuable properties^ we surely find abundant rea- 
son for seeking the best practicable method of applying 
the purifying process before these dangerous properties are 
developed, and of transmitting the fructifying matters to 
our fields before their value has been thus grievously im« 
paired. 

230. Another objection which the system of ranges of 
elevation will probably meet with is, that the sewage mat* 
ters cannot be made available at aay great number of points 
within the town and its suburbs. This may be admitted. 
It is, indeed, very likely that no profitable use can be made 
of the sewage within some few miles of the metropolis; 
but it does not therefore follow that it can be more ad* 
vantageously conveyed in sewers to tlie distant station, 
where it may, perhaps, be applied at once. If we had the 
materials for instituting a fair and exact comparison be- 
tween the first cost of constructing and current expenses of 
maintaining, in a healthy condition, the deep and large 
sewers required for any system of sewage which is not 
mainly determined by the minor varieties of surface, and 
the expenses of transporting the sewage from many points 
by pipes or by river, railway or canal, with all the facilities 
we can now command for any general and extended system, 
the latter would be found to be recommended as strongly 
by its economy, as it undoubtedly is by its superior eflft- 
ciency in subserving the health and well-being of the popu- 
lation. The economy of transmittmg liquid matters in 
pipes is weU known, and the cost has been estimated, by 
engineers, at 2|d. per ton for a distance of five miles, and 
to a height of 200 feet. This includes interest of capital 
and all cvurrent expenses. Eailway tolls and canal dues 
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mqF indeed be regalated go as to afford but little M^tytat 
the transmiseion of manure at present; bat wond^M 
modifications will be Toiimteered m these matters, so soon 
as the system becomes general> the demand for aceom« ^ 
modation be increased, and the mechanicftl and ehemieal 
appliances for purifying and transporting^ the seimge mi'* | 
dered mcnre ready and eiectiTe. 

ddi. Any system of ooUeetion whieh attempts to ooncen^ 
trate the sewage at a few points must be attended with ek* f 
travagance in one os more of three different ways. First, ^ 

and constantly, in the enlarged es^acity of sewers required, | 

for two reasons, viz. the great quantity to be conveyed, and 
the extra size needed to compensate for the defici^cy of 
declivity. Secondly, in the greater distance over which the 
sewage has to be transmitted. Or, thirdly, in the greater 
cost of raising it from the level of the sewers to the high \ 

surface above it. Thus arise objections to the propositions { 

which have been made for conducting the whole of the 
sewage of London to one point, situated at a distance of 
several miles eastward of the town, in which case retrans- 
mission would become necessaiy, in order to supply dis- ' 

tiicts in all other dkections. And, on the other hand, if it 
be collected at any point towards the north or north-west, 
wheiie probably thd greatest demand for it would be found, 
the reservoir wotdd be necessarily constructed at a depth 
from the surface which would entail immense and needless 
expense in xuising the sewi^e for application on the land. 

fi$U, Another imp(»rtant point in which the many-statian 
system offers advantages, which the single-station system 
does not, is the facility for storing the sewage for any 
required time, until it may be available for agricultural Use. ^ 

It is well known that the manuring matters are required to 
be applied at certain seasons and intervals, according to the ' 

nature of the vegetation. If the sewage be collected in one 
reservoir, the size of it, in order to serve the true purpose 
of a reservoir or store-place, must be immense, almost to 
impracticability; but if divided, as proposed, between many 
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pointd, tftnks of moderate si^se would be «it){>l}r snffidetit to 

contain the accnmnkitioti of long intervening periods, while 

the fMiliij of distribntion would, moreorer, probably induce 

the use of the sewage for tanetles of ctiltnre, that woald 

tend to equalise the demand for it. 

288. Bewens are, properly^ mere passages for the sewagfe, 

If but thejr are so only while the matters sent hito them are 

U- mdnced to continue movin'g by the decliirity of the aewer^ 

^ or by the lartiilcial force of water, or other agent, to.drlte dr 

^ cBfry them forward. Without one or other of these aide 

j the large sewers we have been construeting are known to 

f become reservoirs of sewage, or cesspools, in which, dttring 

diy seasons, the refhse matten remahi decompoaing for 

days and weeks, sending up the most pernicious gases into 

the drains and water-closets of the houses, and through the 

air-grates and gully-holes into the streets of the town. The 

F system which adopts ranges of elevation and varieties of 

STEuface, as indications by which to lay small sewers with 
rapid declivities, and leadhig into tanks situated at short 
distances from each other, obviates these evils, l^ construct* 
ing the sewers so that they maintain their proper character 

f of mere passages, and the tanks are made to perform the 

double purpose of storing and purifying the sewage. The 
chamber of the tank into which Uie sewers discharge may 
be trapped, by turning down into water, so that no impure 
esdialations can possibly return along the sewer towards the 
houses and streets. 

S84. In adapting this arrangement to London, or any 
other town abeady provided with sewers, those in which 
sufficient fall exists may be retahied and made to deliver 

^ into tanks at the lowest point of each range or district 
But all sewers without -fall, or with less than is sufficient 
for the rapid self-discharge of their contents, should be at 
<mce abandoned, and a separate system of sewers con^ 
dtructed, dipping into one or more tanks at the centre and 
other points of the flat district. As a general principle, to 
be very reluctantly departed from, the surface*water and 
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waste household'waters should be admitted as the only dila^ 
taQts of the solid se^^rage. Artificial scouring or flushing 
of the sewers may be regarded as an expensive and trouble- 
some correction of some of the evils occasioned by deficient 
declivity', but one sometimes attended with a most mischiev* 
ous consequence, viz. the forcing up of the sewage into the 
streets from some of the lower sewers, which become sur- 
charged with the flushing water during the process. Another 
eitpedient which is occasionally recommended, and in some 
cases practised, the scouring by admitting the tidal water 
of the river, is inapplicable to any method which purposes 
to preserve the sewage for agricultural uses ; and must be 
admitted to have the effect of thoroughly defiling the lower 
banks of the river at which the discharge takes place. 

235. Having thus shown that the true principle upon 
which towns should be classified in order to consider tlie 
best system of arranging their general drainage, is that of 
ranges of elevation and varieties of surface without any re- 
ference to contiguous rivers or water-courses, and having, 
in support of this principle, stated that tlie system pf con- 
ducting the sewage to the river, besides wasting that which 
is really of great value and poisoning the water, necessitates 
immense mis-expenditure in large and deep sewers, it will 
be desirable, before closing this section, to cite some fur- 
ther authority as to the value of sewage manure, and notice 
the plans which have been proposed for applying that pro- 
duced in London ; and also to quote some few instances of 
the works which have been executed to provide for dehver- 
ing the sewage of London into the river Thames. 

236. The sewage of the city of Milan is collected in two 
concentiic canals, the inner one of which is called the Sevese, 
and the outer the Naviglio, and deli\rered into one called the 
Yettabbia, which flows from the southern part of the city, 
and, after a course of about ten miles, discharges into the ^ 
river Lambro. Throughout its course this stream of sew- 
age is made to flow over a large extent of meadow-land, and 

is found to possess such valuable fertilising properties that 
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th6 deposit, which has to be periodically removed in order 
to preserve the level of irrigation, is bought by the neigh- 
bouring agriculturists, and esteemed an excellent manure. 
Some of the meadows, which are thus irrigated by the sew- 
age water of Milan, yield a net rent of 8Z. per acre, besides 
paying taxes, &c. These meadows are mowed in January, 
March, April, and November for stable-feeding. They 
besides yield three crops of hay, viz. in June, July, and 
August ; and in September they furnish ample pasture for 
the cattle till the irrigation in the winter. 

237. The late Mr. Smith, of Deanston, in reporting to 
the " Commissioners for Inquiring into the State of Large 
Towns and Populous DistHcts," upon the " application of 
sewer-watier to the purposes of agriculture," gave an inter- 
esting description of the method which has been adopted 
for upwards of 30 years in applying the sewage-water of 
part of Edinburgh to the irrigation of grass-land. '* The 
sewer- water, coming from a section of the Old Town, is 
discharged into a natural channel or brook, at the base of 
the sloping site of the town, at sufficient height above a 
large tract of ground extending towai'ds the sea, to admit 
of its being flowed by gravitation over a surface of several 
hundred acres. The water, as it comes from the sewers, is 
received into ponds, where it is allowed to settle and deposit 
the gross and less buoyant matter which is earned along by 
the water, whilst it flows on a steep descent. From these 
tanks or settling-ponds the sewer-water flows off at the sur- 
face, at the opposite end to its entrance. The water so 
flowing off still holds in suspension a large quantity of light 
flocculent matter, together with the more minute debris of 
the various matters falling into the sewers, and chiefly of 
vegetable and animal . origin. The water is made to flow 
over plats or plateaus of ground, formed of even sui-face, so 
that the water shall flow as equally as possible over the 
whole, with various declinations, according to circumstances ; 
and it is found, in practice, that the flow of water can easily 
be adjusted to suit the declination." *' The practical result 
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of this application of sewer-water is, that land, which let 
formerly at from 405. to 6?. per Scotch acre, is now let an- 
nually at from 30?. to 40?., and that poor sandy land on the 
sea-shore, which might he worth 2a. 6rf. per acre, lets at an 
annual rent of from 15/. to 20?. That which is nearest the 
city brings the higher rent chiefly because it is near^ and 
.more accessible to the points where the grass is consumed, 
but also, partly, from the better natural quality of the land. 
The average value of the land, urespective of the sewer* 
water application, may be taken at 91 per imperial acre, and 
the average rent of the irrigated land at 30?., making a dif- 
ference of S7?., but 2?. may be deducted as the cost of ma* 
toagement, leaving 25?. per acre of clear annual mcome due 
to the sewer-water." Mr. Smith calculated that 17,»20 gal- 
lons of sewage-water, containmg 5 cwt. of dissolved and 
suspended matter, are equal in fertilising power to H cwt. 
of guano, or 16 tons of farm-yard manure; and he esti* 
mated the expense of the material and process, as applied 

to one acre of land, as follows : — 

£ $, d. 

Cost of manuring one acre of land with 

17,920 gallons of sewer-water . . . 12 9 

2i cwt. of guano at 85 10 

15 tons of farm-yard manure at 4^. . .300 
He further calculated that the comparative economy of 
the sewer-water manuring will increase with the greater 
quantity of each kind of manure applied ; thus : — 
Cost of manuring one acre of land with 

86,840 gallons of Bewer-water ♦ . 16 6 

5 cwt of guano at 8s 2 

30 tons of farm-yard manure at 4«. . .600 

238. Mr. G. Stephen in his "Essay on Irrigated Mea- 
dqws," published in 1826, had previously described the sys- 
tem of sewer-manuring with commendation. Mr. Stephen 
says, " Edinburgh has many advantages over many of her 
sister cities, and the large supply of excellent sprmg-water 
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is one of the greatest blessings to her inhabitants, both in 
respect to household purposes, and in keeping the streets 
clean ; and, lastly, in irrigating the extensive meadows se- 
lected below the town by the rich stuff which it carries 
along in a state of semi-solution ; where the art of man 
with the common shore -water has made sand-hillocks pro- 
duce riches far superior to anything of the kind in the 
kingdom, or in any country. By this water about 160 acres 
of grass-land, laid into catch-work beds, is irrigated, whereof 
upwards of 100 belong to W. H. Miller, Esq., of Craigin. 
tinny, and the remainder to the Earls of Haddington and 
Moray, the heh^s of the late Sir James Montgomery, and 
some small patches to other proprietors. The meadows 
belonging to the last-mentioned noblemen, and part of the 
Craigintinny meadows, or what are called the old meadows, 
containing about 50 acres, having been irrigated for nearly 
a century, they are by far the most valuable, on account of 
the long and continual accumulation of the rich sediment 
left by ^e water ; indeed, the water is so veiy rich, that the 
proprietors of the meadows lying nearest the town have 
foimd it advisable to carry the common shore through deep 
ponds, where the water deposits part of the superfluous 
manure before it is carried over the ground. Although the 
formation is irregular, and the management very imperfect, 
the effect of the water is astonishing ; they produce crops 
of grass not to be equalled, being cut from four to six times 
a year, and given green to milk cows. The grass is let 
every year by public auction, in small patches, from a quar- 
ter of an acre and upwards, which generally brings from 
24:1. to 30Z. per acre. This year (18S6) part of the Earl of 
Moray's meadow gave as high as B7L per acre." 

S39. The results of experiments tried at Clitheroe, in 
Lancashire, showed that the fertilising properties of sewage- 
water were nearly four times as great as those of common 
farm-yard manure. Mr. Thompson applied 8 tons of the 
sewage-water to one acre, and 15 tons of the ordinary ma- 
nure to another, and the produce of the former was as 

a 
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1 '875 to 1 of the latter. Comparing the produce with the 
weight of manure, the proportion of the one to the other 
will therefore he as 1*875 to 582, or nearly fourfold. 

240. The sewage-water of Mansfield, in Nottinghamshire, 
has been so applied to lands by the Duke of Portland, that, 
with a preliminary expenditure of SOL per acre, to put the 
land in a condition fit for irrigation, its annual value has 
been raised from 4t$, M. to lU. per acre. Mr. Dickinson 
treated some land at Willesden, in Middlesex, with liquid 
manure, derived from horses, and obtained fine crops of 
Italian rye grass, although the land had previously been 
deemed unworthy of cultivation. Mr. Dickinson obtained 
ten crops in twelve months. In the year 1846, the first 
crop (cut in January) yielded more than 4 tons per acre ; 
the second gave nearly 8, and the fourth, cut in June, pro- 
duced 12 tons per acre. 

241. At Ashburton, where they have applied liquid ma- 
nure for 50 years, and at other towns in Devonshire, the 
land thus treated produces grass at least a month eailier 
than lands not so treated, and is valued at SI, to 12^. per 
acre, while land not so improved is considered worth only 
from SOs. to 40^. 

242. One. of the eaiiiest, if not the earliest, of the sug- 
gestions for saving and applying the sewage of London ap- 
pears to have emanated from the late Mr. John Martin, the 
artist, in the year 1828. Mr. Ainger, in 1830, published a 
plan for " preserving the purity of the water of the 
Thames," by constructing covered drains along the sides of 
the river to receive the minor drainage, and Mr. Martin in 
July, 1834, presented to the select committee of the House 
of Commons, then inquuing into the state of the law re- 
specting sewers in and near the metropolis, with a view to* 
suggest amendments, a ** Plan for improving the air and 
water of the metropolis by preventing the sewage being 
conveyed into the Thames, thereby preserving not only the 
pm-ity of the air, but the purity of the water; and likewise 
for manure and agricultural purposes." The objects of this 
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plan were described to be — " first, to materially improve 
the drainage of the metropolis ; secondly, to prevent the 
sewage being thrown into the river, and to preserve in its 
pure state the water which the inhabitants are necessitated 
to use ; thirdly, to prevent the pollution of the atmosphere 
by the exhalations from the river and the open mouths of 
the drains ; and, fourthly, to save and apply to a useful pur- 
pose the valuable manure which is at present wasted by 
being conveyed into the river." 

S4d. The details of the plan embraced the formation of 
a receptacle at Bayswater, on the north side of the Uxbridge 
Boad, for the drainage of Kilbum, part of Paddington, 
Bayswater, &c., &c., and of another receptacle above Yauz- 
hall Bridge to receive the contents of the present King's 
Scholars' Pond Sewer. For the body of the city, Mr. 
Martin proposed a grand sewer to commence at College 
Street, Westminster, and run parallel with the river, and to 
be extended to a convenient point near the Eegent's Canal 
at the east end of London. And for the south side of the 
river, a similar plan was recommended, the sewer in this 
case to commence near Yauxhall Bridge, and pass along 
the bank of the river to Pickle-Herring Stairs, thence, 
branching off through Botherhithe, to a convenient spot 
adjoining the Grand Surrey Canal, where a grand recep- 
tacle should be constructed similar to that by the Eegent*s 
Canal on the north side of the river. 

244. These grand sewers were proposed to be constructed 
of iron, the bed of them being on the same level witli the 
shore, and following the inclination of the river, about 7 in. 
per mile. The top of them to form quays, at least 2 ft 
above the highest possible tide. To prevent the possibiliQr 
of those sewers being burst by the accumulations of floods, 
they were to be provided with flood-gates ; and to afford 
facility for inspecting, and, if necessary, cleansing them, 
light iron galleries were designed to be suspended from the 
roof. The sewers Tf ere to be built up of iron, the bottom 
paved with brick, and the top arched with sheet iron, with 
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wrought-iron ribs; the size of the sewers being on the ave- 
rage 20 ft. in depth and width, and the estimated cost of 
their construction 60,0002. per mile, including sewer, pier, 
or quay, strong quay-wall of cast-iron, towards the river, 
&c., &c. The whole length of the two sewers proposed was 
about 7^ miles/ The description of the receptacles in 
which the sewage was to be collected will be best quoted 
from the proposer's " Plan *' submitted to tlie committee. 

245. *' The grand receptacle at the end of this great 
covered sewer should be 20 yards deep, and 100 yards 
square, with a division down the centre, separating it into 
two compartments, each 50 yards in width, with a flood-gate 
at the inner angle of each compartment for the sewage to 
run in at; and at the opposite extremity, within about 
13 ft. of the top, there should be an iron grating, 5 ft. wide 
by 50 yards long, through which the lighter and thinner 
parts of the sewage would rise ; the heavier and grosser 
parts would sink to the bottom, and gradually All up the 
base of the drain, when the gate should be closed, and the 
one leading into the second division of the receptacle 
opened. At the extremity of the receptacle, between the 
two compartments, there should be an engine to raise the 
manure into barges, and also to pump the^ater in case ot 
extraordinary tide ; in this way the expense of an extra re- 
ceptacle for the water accumulating whilst the tide is up 
would be saved ; this, however, would only be required in 
Spring tide. The receptacle would be so firmly built, and 
covered with a roof of wrought iron, supported by cast-iron 
pillars, that a road could be made over it ; or it might be 
built upon, and thus no room would be lost ; and, that a 
particle of smell might not be allowed to escape, there 
should be a communication for the foul air to pass from the 
receptacle to the flre of the engine, which would then com- 
pletely consume it" It is of course unnecessary to remark 
that Hiese estimates and particulars are quoted for their 
historical interest, and not for any practical value thai 
attaches to them. 
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246. About the year 1845, a company was organised, we 
beUeve under the original auspices of Mr. Martin, and pro- 
moted by Mr. Smith of Deanston, which proposed to cany 
into efitect, for the general benefit of the metropolis, a plan 
for collecting the sewage by means of a receiving sewer 
which should cut the existing sewers at a mean distance of 
6^0 yards from the river. Mr. Martin, the founder of the 
Ck>mpany, however, objected to this, preferring to receive 
the contents of the sewers near their outfall into the river. 
The Company referred to— the *' Metiopolitan Sewage Ma- 
nure Company," — contemplated the ''conveying of the 
sewi^ie-water of London, by means of a system of pumping 
engines and pipes, analogous to that of the great water 
companies, and thus distributing the fertilising fluid over 
the land in such manner and proportions as may be best 
adapted to the various kinds of field and garden cultivation." 
The proposals of the Company were eventually limited to 
an operation upon the sewage belonging to the King's Scho- 
lars' Fond Sewer, one of the principal sewers in Westmin- 
ster, and with this reduced purpose an Act of Parliament 
was obtained for prosecuting the scheme in 1846. 

247. The actuid proceedings of the Company, their results 
and defects, were described officially in a Beport (dated 25th 
December, 1651) to the General Board of Health, by one of 
their superintending inspectors, W. Iiee, Esq., and from 
this Beport we extract the following : — *' I thought it my 
duty to visit the works of the Metropolitan Sewage Manure 
Company, at Fulham, to examine the market-gardens and 
other land to which the sewage has been applied there, and 
to ascertain from some of the consumers their opinioxis as 
to the result upon various crops. The Company has a sta- 
tion on the west bank of the Kensington canal, at Stanley- 
bridge, where they have erected a.steam^ngine to pump the 
sewage water over the top of a stand-pipe 75 feet high. 
This altitude gives a sufficient pressure for the whole dis- 
trict, and the fertilising fluid is conveyed from the stand- 
pipe and distributed, by about 15 miles of mains and ser- 
yiees, varying from 14 inches diameter at the works, 
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down to d inches diameter in the fields and gardens where 
it is used. The consiuners have plugs or hydrants fixed at 
convenient distances in their lands, and vf'iih their own ser- 
vants, and hose and jet pipe, apply it when they please, 
paying to the Company the sum of three pounds ten shil- 
lings per acre per annum. 

" Hitherto the Company has only taken the Walham Green 
sewer-water, which contains, probably, less fertilising mat- 
ter than any other in the metropolis, in consequence of the 
less density of the population within its area, and the great 
volume of the upland rain water. It is, however, the most 
conveniently accessible to the works. WTien the arrange- 
ments for using the Banelagh sewer-water are completed, it 
is expected that more beneficial results will be experienced. 

'' The first place I examined was a field from which two 
crops of grass have been taken during the year, and it is 
now a most excellent pasture. I examined the large mar- 
ket-garden occupied by Mr. G. Bagley, who said, in answer . 
to my inquiries : — 

" • I have found that all crops grow faster and are healthier 
from the application of sewer-water. The size of vegetables 
is increased in a fine season ; in some descriptions the qua- 
lity is also better, and consequently they would obtain bet- 
ter prices. I may particularly mention vegetable marrow, 
a plant that requires much nutriment ; it has produced a 
large crop in warm dry weather. In dry weather, the- sew- 
age is of great assistance to scarlet runners and French 
beans, but if rain were to come after its application, the 
consequence would be injurious. I have found it of great 
service to cucumbers, especially fi*om the convenience of its 
application. I think, however, it is alihost better for cab- 
bage and brocoli, tiian anything else. I have not perceived 
any offensive effluvia at the time of its application or after- 
wards — not enough : if there had been a little smell, the 
manure would perhaps have been better than it was.^ 

" Mr. E. Bransgrove, manager of Mrs. Harwood's extensive 
market-gardens, said : — 

♦* * We have used the sewer-vmter ever since the Company 
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commenced. The improvement in the plants is very ma- 
nifest; I think it helps to lessen the blight The growth 
of vegetable marrow is much improved, also of scarlet run* 
ners, and the same of lettuce and celeiy. This plot was 
celerj, and the liquid manure was applied to it. After the 
crop was got ofif, it was planted with cabbage, without any 
further application of the sewage, but the plants are still 
benefited by the former application. The next patch of 
savoys had it applied to them about three months since, 
and are a very good crop. There was very little smell 
either at the time of its application or afterwards.* 

*I likewise visited the market-gardens of Mr. W. Bagley, 
Mr. R. Steele, Mr. J. Crouch, and Mr. J. Bagley, to all of 
which, as well as many others in the district, the sewage 
ptianure has been applied. In one place, a field of cabbage 
plants was pointed out, and I was informed that the sewage 
manure had been applied to about one half and not to the 
other. Those to which it had been applied were darker 
in colour, larger, and much more vigorous than the re- 
mainder. 

" I have, in my former report, already considered the objec- 
tion urged in the provinces, that liquid manures could only he 
beneficially applied in wet weatheb, and have shown that 
the solution used was too strong. It is a remarkable fact* 
that the tenants of the Metropolitan Sewage Manure Com- 
pany UU concur in the statement, that the greatest advantages 
are produced by its application in dby weatheb, when ma- ' 
nuring and watering are combined in the same operation. 
These facts, and my own experience, lead to the conclu- 
sion that the totm sewerage water should he collect^, and raised 
to the required edtitude in as concentrated « condition as posn^ 
He ; but that it should be distributed and applied to the land^ m 
such a state of dilution with water, as may be required by th$ 
season of the year, the state of the weather, and the quantity of 
moisture in the soil. This may be easily accomplished, and 
almost without expense, by a pipe from the water-workSt 
^isc^fgr^ipg intq the do^nw^d pxia of the sewage stand- 

c 3 
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pipe, ftt the command of the person in charge of the stft- 
tion. By these means, the sewerage water may he applied 
with advantage at all times. In dry weather, and upon 
thirsty soils, a weak solution would he used ; and in the 
winter season — in wet weather, on uncropped land-^or with 
gross-feeding plants, as strong a solution as might be requi^ 
site, to produce the greatest possible fertility. 

'* Having said this much of the Company's operations, I 
feel bound to add that the failure of a sewer manure com- 
pany in the metropolis, as a commercial speculation, was 
predicted by Mr. Smith, of Deanston &nd other competent 
agricultmists, who withdrew from it. A disproportionately 
large outlay of capital and maohineiy was made from a 
wrong sewer, that is to say, from a sewer which, in fact, was 
an old watercourse, and chiefly adapted to the removal of 
storm water; and the supply of manure from this was car^ 
ried to a wrong district, or one of the least suitable districts, 
namely, to a district already supplied at the cheapest rate 
with powerful manure : of that district only a small proper^ 
tion received the Company's supply. The whole of the 
available capital was expended before the pipes could reach 
the ordinary farming district, where there appeared to be a 
demand for it. Nevertheless, the fertilising power of ih^ 
extremely-diluted manure, when applied to the land, already 
highly charged with manure, was extraordinary. On this 
land, where town manure had been applied at an ejtpense 
of Wl, per acre, and labour in working the land to about 
the same extravagant amount, an augmentation of nearly 
one-third of the ordinary large crops was obtained. The 
range of the distribution by the jet was visible in the extra 
growth of the vegetation, although much of this success 
was no doubt attributable to the water itself, irrespective of 
the matter in solution." 

248. Every sanitary reformer must have regretted that the 
Company has not been more successful ; but when its ope> 
rations are pointed to as a reason why works for the appli- 
cation of the sewage of towns should not be undertaken. 
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it becomes neeessarj to indicate the causes of its success 
being partial only. The errors committed are in matters 
of detail ; the principle-^that town sewage water is a var 
luable fertiliser^is fully confirmed, even by the Company's 
operations. 

249. During the inquhies upon this subject which were 
instituted by the Sewage Company, some proposals were eli- 
cited which differed considerably from those upon which 
the Company is now acting. Two of these may be noticed, 
which were examined by the select committee, appointed 
in 1840, to consider plans for the application of the sewage 
of the metropolis to i^cultural purposes. It should be 
mentioned, that the original plan of the Metropolitan Sew- 
age Manure Company embraced the formation of reservoirs, 
in which the sewage was to be collected from the sewers, 
but these reservoirs were relinquished by the promoters of 
the bill, in consequence of the objection made against 
them by the owners and occupiers of land. 

350. One of these proposals was to carry away the entire 
sewage of the metropolis, in a tunnel of from 8 ft. to 12 ft. 
in diameter, and at a depth of from 40 ft. to 80 ft. beneath 
the surface. This sewer was to commence at the Grosve- 
nor Bood, and pass through Westminster to the Strand, 
and on the soutli side of St. Paul's Churchyard, Cannon 
Street, <&c., to the Commercial Boad, thence under the 
Biver Lee, and in a straight line through the West Ham 
marshes, to a large reservoir and works, to be constructed 
in an angle between the western banks of Barking Creek 
and the northern banks of the Thames. The sewer-water 
was to be raised by steam-engines from the receiving reser- 
voir into other reservoirs, sufficiently elevated to permit the 
solid matters being deposited at a level above the Trinity 
high-water mark. From these reservoirs the solid matter 
would be periodically removed, dried by artificial means, 
and then compressed and packed for transmission by land 
or water. The liquid matter was to be discharged as worth- 
less, at all states of the tide. Mr. Wicksteed, the proposer, 
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calculated that engines would be required of an aggregate 
power equal to tliat of 1060 horses, and capable of raising, 
when worked at full power, 18,000,000 cubic feet to a height 
of 56 feet, in twenty-four hours, being considered equal to 
two and a half times the present ordinary quantity of sewer- 
water. The waste of the liquid sewage contemplated in this 
scheme destroys the purpose of what was intended to be a 
simple method of collecting the contents of the existing 
sewers. 

Ji51. The other proposal which received the attention of 
the select committee, and to which we will allude, was sug- 
gested by Mr.-Higgs, the patentee of a method of treating 
sewage matters. Mr. Higgs*s patent is dated 28th of April, 
1846, and the object is entitled, " The means of collecting 
the contents of sewers and drains in cities, towns, and vil- 
lages, and of treating chemically the same ; and applying 
such contents, when so treated, to agricultural and other 
useful purposes." The scheme comprises the construction 
of tanks or reservoirs for the sewage, with suitable buildings 
over them in which the gases evolved are to be collected, 
condensed, and combined with chemical agents ; and also 
an arrangement of spars or bars, on which the salts formed 
by this combination may crystallize. Apparatus is devised 
also for distributing the chemical agents over the mass of 
sewage, and the claims of the patentee extend to the use 
and application of them for the purpose of precipitating 
the solid animal and vegetable matters contained in the 
sewage, and of absorbing and combining with the gases 
evolved from it. " Hydrate of lime," or '* slaked lime," 
and " chlorine gas," were the agents proposed to be em- 
ployed for these purposes, and the solid matters were to be 
cut into suitable shapes, and dried ready for use. The 
committee, however, did not feel justified in recommending 
these elaborate processes, in the then immature state of the 
public mind upon the subject. 

253. Prior to the month of December, 1847, the sewers 
of London were controlled by seven separate boards of ma- 
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nagement or district Commissions, six of which belonged 
to London north of the Thames, and one to London south 
of the Thames. The six former districts were: 1, West- 
minster and part of Middlesex ; 3, The Regent's Park ; 
3, Holbom and Finsbmy; 4, The City of London; 6, The 
Tower Hamlets ; and 6; Poplar Marsh or Blackwall. The 
one southern district included certain portions of the coun- 
ties of Surrey and Kent. The several boundaries and ex- 
tent of these districts are not worth definition, because they 
are now all (except the City division) included in. one Metro- 
politan district, which is roughly stated to comprise a ckcu« 
lar area of about twelve miles diameter, or about 114 square 
miles,* and to contain about 2000 miles of streets, and 
1000 miles of sewers, consisting of old and new sewers, 
and open ditches.f The City Sewers District is about one 
square mile in extent, and comprises about 50 miles of 
sewers. t The progress of sewer-building in this City Dis- 
trict may be imagined from the following facts, viz. that the 
commission began building sewers in 1756, and up to the 
year 1832 had completed 9 miles and 1035 yards. In the 
year 1843, Mr. Kelsey, their surveyor at that time, stated, 
above 35 miles of sewers were completed. The length of 
50 miles now constructed is said to have completed the 
sewers as far as the streets of the district are concerned, 
leaving only courts and aUeys to be provided for. 

253. Let us briefly glance at the magnitude of some of 
the sewer-works. which have been constructed, in the extra- 
vagant attempt to convey the entire sewage of London into 
the river Thames, and to maintain the subterranean chan- 
nels in a clean and healthy condition. The Irongato sewer, 
which was formerly the city ditch, varies in height from 
6 ft. 6 in. to 11 ft., and in width, from 3 ft. to 4 ft. The 
Moorfields sewer is 8 ft. 6 in. by 7 ft., and at the mouth, 

* Eyidence of B. Stephenson, Esq., before Select Committee on the Great 
London Drainage Bill, 18 June, 1853. 

f Evidence of Mr. J. W. Bazalgette^ before the same, 10 June, 1863. 
X Evidence of Mr. W. Haywood, b^fo^re the same, 13 June, 1853. 
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iO ft. bj 8 ft. ; and at the north end of the Pavement this 
sewer is d7 ft. below the surface. The Fleet Ditch, which 
drains the land from Highgate southward, is partly formed 
in two distinct sewers, which run on each side of Earring* 
don Street; th^ are from 12 ft. to 14 ft high, and each is 
6 ft 6 in. wide, yet they are liable to be flooded by the im- 
mense rush of watws from the northward, and a single storm 
will raise the water 5 ft in height in both of them almost 
instantaneously. The culvert constructed at the mouth of 
this sewer was severely injured,* in 1842, by the flood con- 
sequent upon a thunderstorm. The Bishopsgate Street 
sewer, which receives the drainage of Shoreditch and adja- 
cent places, is 5 ft by 3 ft., is sometimes overcharged, and 
returns the waters from the high ground. 

264. By way of conveying a ready idea of the vast size 
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of the ileei.sewer, the great length and extended functions 
of which have just been noticed, the two figures 69 and 70 

Fiff. 70. 




are introduced, the one showing the section of the aewer at 
the city boundary, where its dimensions are 12 ft. 3 in. by 
11 ft. 7| in., and the other showing the size of the mouth 
of the sewer, which is 18 ft. 6 in. by 12 ft., and of ample 
capacity to admit one of ihe largest hcomptive engines, the 
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gigantic dimensions of which are sufficiently familiar to all 
who have found it necessary to cross the platform of a rail- 
way station. Yet this sewer has often heen surcharged ; 
and only within the last year (1842) the culvert, so ably 
constructed at its mouth by Mr. James Walker, was severely 
injured by the flood consequent upon a thunderstorm** 

255. The large sewers constructed in the Tower Ham- 
lets division are 4 ft. 6 in. by 3 ft., and the cost per foot 
varied from 155. to II. 5»., according to the depth. One of the 
sewers, from Hoxton New Town, is laid, for a length of 
3000 ft., on a dead level, and discharges into another, which 
is also on nearly a dead level, because a fall could not be 
obtained. From the 45 miles of sewers in this division, 
about 2000 loads of sewage have to be annually removed by 
hand. All the outlets are into the Thames, below London 
Bridge, and are provided with valves, which sometimes fail, 
owing to some matter issuing from the sewers that prevents 
their closing, and of coiurse the tide rushes in. Up to the 
year 1843, 13,000 ft. of sewers were rebuilt, at a lower level 
than formerly, in order to accommodate levels not then .pro- 
vided for, and at the same time maintain the communication 
with the river. 

256. In the Smrey and Kent division, all the main arched 
sewers are necessarily provided with flaps and penstocks, 
nearly all the district being below the level of high water in 
the river. Some of the sewers in this division have only 
2 ft. of fall per mile. 

257. In the Holbom and Finsbury division, 88,000^. 
were expended upon the Fleet sewer between the years 
1826 and 1843, and the surveyors were enabled to reduce 
the size of a part of it from 12 ft by 12 ft. to 10 ft. by 9 ft., 
" from an advantage in the difference in the fall, there being 
more fall in this situation, which rendered the proportion 
of the current through the smaller sewer equal to the larger 

* Evidence of the Surveyor to the City Commission of Sewers, before 
the " Commissioners of Inquiry into the state of large towns and popnloofl 
districts." (1843.) 
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t>ne.'* The extra expense incurred by the increased depth, 
^hich sometimes occasioned a passing through sand and 
treacherous materials, may be inferred from one item in the 
cost of construction, viz. that in such cases it was found ne- 
cessaiy to use close timbering to strut the sides of the ex- 
cavation ; the sand also, sometimes, despite all precautions, 
rose 6 inches in one night ; and the building of some of the 
sewers in Pentonville '* had the effect of loosening the 
ground, or causing the ground to slip, the whole way up the 
hill," and thus seriously damaging the walls of the gardens 
above. The Fleet sewer, as already described, takes the 
water from Highgate and Hampstead, conducting it towards 
the river Thames, and it has been known "to rise six, 
eight, and ten feet in a night ; there have been instances of 
persons being carried away by it" The fall in that part of 
it which is Id ft. by 12 ft. is at the rate of a quarter of an 
inch in 12 feet ; and in the 10 ft. by 9 ft., the fall is three- 
quarters of an inch in 10 feet. The effect of this difference 
of declivity is, that " if the 12 by 12 were completely full, 
the other would not be full by 2 ft" 

258. The following details respecting the Fleet sewer 
are quoted from a report dated 25th October, 1853, made 
by Mr. Haywood, the Surveyor to the Commissioners of 
City Sewers. The Fleet sewer is the largest in the metro- 
polis. An area of land six or seven times the size of the 
whole City of London is drained by it, the waters of that 
area being carried into it by many hundred collateral sewers. 
Near the outfall — ^that is, at the Crescent, Bridge Street, 
Blackfriars — ^the flow of these accumulated waters is proba- 
bly from 18,000 to 20,000 gallons per minute during the 
day in dry weather; with but slight rain, the flow is so 
much increased that no man can stand against it ; with a 
very moderate quantity of rain, falling uniformly over the 
drainage area, it is questionable if a horse could maintain 
its footing against the current in the sewer ; with heavy 
rain the sewer is half filled. The difficulties attending re- 
pairs to the Fleet and similar sewers are very great The 
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Oity Beyers Surveyor reported that a portion of Hie 'Fleet 
sewer, between Fleet Street and Blackfriars Bridge, being in 
such a condition as to require extensive and inunediate re- 
pair, it was determined to put in a new invert, and under* 
pin the side walls, and for this purpose to construct a dam 
across the sewer, so as to lay the bed of it dry. * In ord^ 
to avoid complaints of street interruption or other public 
nuisance, the works were commenced and carried on witbi- 
out opening any portion of the sewer itself, the only means 
of ingress and egress being one small hole 8 feet wide and 
d feet long in a branch sewer in Crescent Place. Down 
this small opening the workmen descended and conveyed 
all materials required, at great labour and time, and, neces* 
sarily, cost. Moreorer, mechanical appliances, which are 
used with so much advantage in many similar works, and 
by the aid of which, with sufficient space, an amount of 
work five hundred times Uiat done in the Fleet sewer 
could have been performed in the same space of time 
widi ease, could not be used, owing to the insufficiency of 
space, and, therefore, manual labour, applied at immense 
disadvantage, was all that could be adopted. The men 
were frequently working with two thirds of their bodies im- 
mersed in water, amid an unc^^tain light, and a deafening 
roar of water, and at times, with but little chance of their 
lives, if they had once lost their footing. Half of the 
Q4 hours the tidal water was in the sewer ; when it was out, 
the men could with difficulty work three hours each mom* 
ing, especially on Saturdays ; and at other times, if any 
rain oame down, the work had to be suspended at once. 
The sewer was never entirely free for ^4 hours either from 
rain actually falling, or the drainage waters from the upland 
districts after the rain ; and actual progress was made only 
in one tide out of every three or four. Two or three times, 
when dams were all but complete, heavy floods of rain 
washed the larger portion of them away. 

$259. The following extracts from the evidence given by 
Mr. Boe, surveyor to the late Holbom and Finsbury Oom* 
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mission of Sewers, before the Commissioners of Inquiry 
into the state of large towns and populous districts, in 
X848» will give some notion of the state of the sewerage of 
that division. '' The Holborn and Finsbury divisions are 
peculiarly situated, having no immediate communication 
with the river Thames. The waters from these divisions 
have to pass through one or other of the adjoiniag districts, 
namely, the city of London, the Tower Hamlets, or the 
city of Westminster, before reaching the river. The sewers 
of the Holborn and Finsbujy divisions have, therefor^, of 
neoessity, been adapted to such outlets as the other dis« 
tiicts respectively afforded ; and these having formerly been 
put in without due regard to an extended drainage, the 
sewers of these divisions have not had the benefit of the 
best fall that could have been obtained. Of late years 
many^of the outlets have been lowered in the a^oining 
districts ; but to alter the existing sewers of these divisions 
to the amended levels would require the rebuilding of 
about 323,766 ft of sewer, at an expanse of nearly a 
quarter of a million sterling." In this state of things, Mr. 
Boe conceived that the ordinary current of water which 
passes al<Hig the covered sewers (in some constant, in 
others periodical), in these divisions, which, in numerous 
eases, does not prevent deposit from accumulating, might 
yet be made available for that purpose; and accordingly 
<<a series of eiqperiments were commenced, in order to 
ascertain what velocity could be obtained in the sewers; 
and it appeared that deposit might be removed by the 
means of dams placed in certain situations to collect heads 
of water, at less expense, than by the usual method. An- 
other series of experiments were made for the purpose of 
endeavouring to ascertain the proportion of decomposed 
animal and vegetable matter, and detritus from the roads, 
carried through the sewers to the river Thames by the 
common run of water. Several square boxes were con- 
structed, to hold 1 cubic foot of water each. These were 
filted with water &om different sowers. After allowing th^ 
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turbid water to clear itself by precipitation, I ascertained 
the relative amount of the precipitate. The following were 
some of the results : — ^From the river Fleet sewer, i^ear the 
outlet, the proportion of decomposed animal and vegetable 
matter, and detritus from streets and roads, held in me- 
chanical suspension, was 1 in 96. The run of water was 
IQ in. in depth, and 10 ft. in width, having an average 
velocity of 83*47 ft. per minute, passing 692-8 cubic feet of 
water per minute; the matter conveyed being 7*21 cubic 
feet per minute, or 103-660 cubic yards per annum. The 
river Fleet sewer conveys the drainage of about 4444 acres 
of surface, or about four-sevenths of the surface of these 
divisions. That great quantities, in addition to the above, 
are carried away by the force of water in rainy weather is 
certain; allowing this source, and the remaining three- 
sevenths of the district to only equal the discharge by the 
river Fleet sewer, there appears to be a quantity of upwards 
of 200,000 cubic yards of matter carried to the Thames per 
anntun from these divisions in mechanical suspension, and 
by the force of velocity, weight, and volume of water." In 
one part of this division (at Oauonbury) the sewer is aiaty- 
eight feet below the surface, and t^ drainage of the houses is 
provided for by a subsidiary sewer. 

260. In the Westminster division the outfalls to the river 
vary from 10 ft. to 16 ft. below the level of high-water mark, 
that is about 6 ft. above low-water mark, and some of them 
are provided with flaps. The cost for cleansing sewers by 
hand, made necessary by deficient fall, amounted, in the 
year 1842, to 1850^ ; the average for seven years, being 
about 1,550L, and the deposit is so hard that it is some- 
times found necessary to use the pick-axe to dislodge it 
Some of the main sewers have a fall of only ^ inch in 100 
feet. During the ten years ending 1843, 27,056 yards of 
sewers were constructed by the Commissioners for this 
division, and these were principally old sewers built at a 
lower level, or diverted along the public way. The size of 
the main sewers is 3 ft. in width, and 5 ft 6 in. in height. 
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andof ihis size 32,000 yards were constructed from 1833 to 
i843 jointly by the Commission and by individuals. In 
1843 one of the sewers in this division, the King's Scholars* 
Pond Sewer, was described to have from its commence- 
ment at Shepherd's Well to the flood gates at the Thames, 
a total fan of 285 ft. 4 in., yet the fall is in some parts very 
deficient. In the Pimlico district adjoining the palace, the 
fall is for the last 6500 ft. only 5 ft. ; — less than a foot in 
each thousand feet, and the outlet was still so low that 
flood gates were necessary at its outlet. During the rising 
of the tide, therefore, these gates were closed for six hours, 
and the sew^e of course remained pent up or thrown back 
towards the houses. 

261. In the Kent and Surrey divisions, in which there 
are several open sewers, the drainage is so conducted that 
'* during the time the tide is up in the river, the sewers 
have to receive all the water, making its way into them, 
and must bo sufliciently capacious to hold both that quan- . 
tity, and all rain that may fall, until the fall of the tide 
allows a discharge.'* The covered main sewers are 5 fit. 
3 in., by 4 ft. 9 in. The whole of the district is many feet 
under high- water mark. 

262. The facts here quoted are certainly sufBcient to 
show that the system of draining into the Thames is at- 
tended with vast extra expense in the depth and size of 
sewers, and with great inconvenience and inefficiency in the 
want of declivity thereby laboured under, which are power- 
ful considerations against the propriety of this method, and 
the weight of which has to be added to that of the Iqss 
occasioned by the utter waste of most valuable manuring 
matters, and the injurious effects of saturating these matters 
in the water from which the daily supplies for the metro- 
polis are mainly derived. 

263. Having thus briefly noticed some of the details of 
the sewerage arrangements of the metropolis, as carried on 
under separate commissions prior to the ye£ir 1848, it is 
desirable to notice some of the proceedings of the United 
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or " Metropolitan Commission," since that time, including 
their proposals, estimates, and actual works. There is 
good reason for extending this notice, sufficiently, more- 
over, to embrace a general review of these proposals, since 
they present to us the labours of the highest engineering 
talent yet brought to bear upon the great question. How 
can London be properly drained ? The new commission, 
appointed in December, 1847, consisted of the following 
members; — Lord Ebrington, Lord Ashley, Dr. Buckland, 
Mr. Hume, M.P., Hon. F. Byng, Dr. Amott, Dr. South- 
wood Smith, Sir J. Clark, Rev. W. Stone, Professor Owen, 
Sir H. De La Beche, Messrs. R. A. Slaney, M.P., J. Bid- 
well, J. Bullar, W. J. Broderip, R. L. Jones, J. Leslie, and 
E. Chadwick. In the Session of Parliament 1848, an Acf 
(11 & 12 Vict. c. 112), was passed, entitled, " Jn Act to 
consolidate and continue in force for Two Years, and to the end 
of the then neat Session of Parlianienty the Metropolitan Com- 
missions of Sewers,^' This Act of 1848 was amended by 
another (13 & 13 Vict. c. 93), passed August 1st, 1849, 
entitled, "An Act to Amend the Metropolitan Sewers Act,** 
By these Acts powers were given for making district rates, 
and levying contributions for building sewers, for making 
sewer rates partly prospectively and partly retrospectively, 
for levying and recovering " improvement i:ates," and bor- 
rowing money on mortgages and annuities " to pay off any 
debt not actually due.'* 

264. On July 23rd, 1849, at a Special Court of the 
Sewers^ Commission, a report was read from the surveyor 
of the Metropolitan Commission at that time (Mr. Phillips), 
embracing plans and estimates he had prepared for the 
drainage of tlie metropolis. Li this report, the principles 
of town-drainage were laid down as follows :— 

" ] . That two outfalls, independent of such other, should 
be provided, one for the discharge of natural, or land and 
surface waters, and the other for the discharge of artificial, 
or house and soil drainage. 

«* 2. That in order to perfectly drain the subsoil of the 
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town so as to free it from damp, and to cany off, as quickly 
as possible, the natural waters, a system of permeable land 
drains and sewers should be provided to discharge into the 
natural watercourses and rivers. 

" 3. That as outfalls are already provided by streams and 
rivers for the discharge of the natural waters, it is only 
necessary to provide separate and proper outfaHs for the 
discharge of the artificial, or house aiid soil drainage, 
which outfalls should convey the sewage, as fast as it is 
produced, to a depot at a convenient and unobjectionable 
place, quite clear of and below the town. 

" 4. That in order to carry off the house and soil drain- 
age without contaminating tiie atmosphere of the town by 
the escape of effluvia through the numerous inlets, as is at 
present the case, a system of impermeable drains should 
be provided, distinct and separate from the permeable land 
drains and sewers, to discharge, without intermission, into 
the said artificial outfall independently of the river. 

** 6. That at the main outlet a dep6t should be formed, 
and works established for raising the sewage, and for 
converting and distributing the same for agricultural and 
horticultural purposes." 

S66. For the discharge of artificial, or house and soil 
drainage, the surveyor proposed a tunnel extending from 
the Plumstead marshes to Twickenham, and crossing under 
the Eiver Thames eleven times. The proposed course and 
construction were as follows : — From the depot at Plum- 
stead to pass under the river to East Ham and Plaistow 
marshes, recrossing the river from below Bow Creek to the 
Greenwich marshes, where a shaft would be provided, and 
a branch drain to serve Charlton, Greenwich, &c: Then to 
cross the river again to Blackwall, where another shaft and 
main branch drains for Poplar, &c., would be constructed. 
Continuing between the export and import West India 
Pocks, the timnel would reach the margin of the river, 
and a shaft and branch drain for Limehouse be provided. 
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Crossing to the Surrey side, the tunnel would run through 
Kotherhithe, and have two shafts and hrunch drains for 
Rotherhithe, Deptford, and Hatcham, westward, and follow- 
ing the hank of the river eastward. 

The tunnel would leave Rotherhithe just below the en- 
trance of the Grand Surrey Canal, and continue under the 
river to the Middlesex side between the entrance to Shad- 
well Dock and the Rotherhithe tunnel, and run south of 
the London Docks through Wapping to the margin of the 
river above the entrance of Hermitage Dock. Two shafts 
would be built along this part of the line, and connected 
with branch drains, one westward to the Tower and along 
Thames Street to Blackfriars, intercepting all the sewage 
running into the Thames as far as the Temple Gardens. 
From the east shaft a branch would be carried for Wapping. 
Leaving the entrance of Hermitage Dock, the tunnel would 
cross the river to the Surrey side near Shad Thames, and 
continue through Bermondsey, Southwark, and Lambeth, 
below Westminster Bridge. Four shafts and deep main 
branch drains would be constructed on this length, to serve 
the house drainage of Bermondsey, Southwark, Lambeth, 
Newington, Kemiington, Walworth, Peckham, Camberwell, 
Dulwich, Norwood, Streatham, Stockwell, Clapham, Brixton, 
Battersea, Wandsworth, Tooting, Mitcham, Carshalton, 
Merton, &c. 

From the Surrey side the tunnel would pass under the 
river below Westminster Bridge to Westminster, and con- 
tinue through that district to the King's Scholars' Pond 
sewer at Pimlico ; thence to Chelsea, and between Fulham 
and Hammersmith, crossing the river to Barnes, recrossing 
to Mortlake, and finally crossing above Richmond Bridge 
to take up the sewage of Twickenham and the neighbour- 
hood. The line here described, although thus appearing 
circuitous, may be seen on a map to thread the windings of 
the river in a uniform curve. 

J266. The tunnel here proposed was to have a fall of 
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49 ft 3 in. throughout i,ts length (19^ miles), a diameter 
of 8 ft. at its outlet, and 6 ft. at the upper end. The fol- 
lowing was the estimate for the work : — 
Constructmg 19^ miles of tunnel sewer, at an 

average of £23,709 per mile, including shafts £512,323 
Constructing the shaft at the terminus . . 4,099 
Steam engine, pumps, and boilers, complete . 95,000 
Engine house, &c 33,577 



Total estimated cost of 19^ miles of tunnel 
sewer, with machinery, &c. . . . ' . £644,999 

The annual cost of maintenance, consumption of coals, 
and superintendence, was set down at 15,000Z., and it was 
calculated that the rated value of the property draining 
into this timnel being 10,000,000Z., an annual rate of 1 
penny in the pound for 22 years would suffice to pay tlie 
principal and interest. The depot (at Plumstead marshes) 
would be 10 ft. deep, and elevated above the surface 20 ft. ; 
an average of 10,000,000 cubic feet of sewage were ex- 
pected to be discharged into it during the day, and this 
would be precipitated and filtered until the liquid parts 
were reduced as nearly as possible to pure water, while the 
solid matter remained. When there was no demand for 
liquid manure, it might be directed into the Thames or the 
sea, or otherwise disposed of as circumstances might render 
advisable. This gigantic conception appears to have served 
only for the Commissioners to talk about, and to elicit the 
geological objections of Sir H. De la Beche and Dr. Buck- 
land, upon tiie ground that the tunnel could not pass 
through a continuous bed of clay, but must, for a great 
part of its length, be bored through beds of sand, gravel, 
and chalk, all of which are percolated by immense quanti- 
ties of water, and would prove extremely \mfavom*able for 
such operations as those contemplated. 

267. At the end of 1849 or beginning of 1850, the Com- 
missioners appear to have become thoroughly puzzled by 
the conflicting advice of their own surveyors, and affiighted 
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at the task before them ; and they desperately solicited 
anybody and everybody to tell them what they would re- 
commend for the drainage of London. The invitation 
thus given for the sending in of " plans," was responded 
to by some 150 or 160 amateur drainers, of whom the only 
fact known is, that each of them became entitled, some time 
after they had tendered their recommendations, to receive 
a printed map from the Commissioners, showing what the 
sewer system of London at that time was, a kind of infor- 
mation which one might have supposed should have preceded 
their suggestions for its amendment. 

268. In October, 1851, when a new Commission was 
formed, of which Mr. R. Stephenson atjd Sir W. Cubitt, the 
eminent engineers, were members, these 150 or 160 plans, 
which had lain till then unexamined, were exhumed, and 
carefully considered and reported on by a sub-committee' 
appointed for that purpose. " Upon the report of that Cona- 
mittee," says Mr. Stephenson,* " Mr. Forster, the then en- 
gineer of the Commission, proceeded to design a plan for 
the general improvements of the sewage of London, and 
more especially with a view to the interception of it, to 
remove it from the Thames as far as possible in the vicinity 
of London. I was connected with Mr. Forster, at least I 
took a great interest in the question, and every step he took 
I was cognizant of. I examined the greater part of Lon- 
don, and more especially directed my attention to the lower 
districts on the south side of the Thames, which are so 
badly drained at present, and which are, in fact, the seats 
of diseases of all kinds. We proceeded so far as to com- 
plete our plans for the south side, and were about to let the 
contracts ; but a question was raised as to the powers of 
borrowing money, and pledging the rates of the districts. 
It was found we had no such power ; therefore we had no 
means of proceeding with our contracts. We had then an 
interview with Sir George Grey on the subject, with a view 

* Eyidence before Select Committee on the Great London Drainage Bill, 
13 Jane; 1853. 
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of bringing a Bill into Parliament^ to audiorise us to raise 
money for those purposes. Very shortly after that inter- 
view, the Government was changed. I do not know what 
steps were taken by the next Government, but I believe 
none, and I believe none are now being taken by the Go- 
vernment to relieve the Commissioners of Bewers from 
their embarrassments." 

869. The plan designed by Mr. Forster, and here deferred 
to, comprised two sewers, a high-level sewer, and a low- 
level sewer, the former to receive the natural drainage or 
rainfall and surface-water, and conduct it to a low part of 
the district, as Bow Creek, by gravitation simply ; the low 
sewer to collect all the house drainage, and convey it also 
by gravitation to Bow Creek, where it would be pumped up 
and descend with the surface-water to the outlet at Barking 
Creek. By this plan, the districts that were proposed to be 
drained by gravitatipn comprised a very large proportion of 
the whole area of the north side of the Thames, admitting 
of a sewer falling 4 ft. a mile, commencing at the extreme 
west of London— Bays water — and continuing to tlie River 
Lea, where Mr. Forster proposed that there should be re- 
servoirs, if necessary, for the purification of the sewage ; 
but that would be conveyed into the Thames conveniently 
at all times. With respect to the low-level tract, it was 
proposed (commencing, as in the high-level sewer, at the 
lifting point on the eastern bank of the River Lea) to con- 
struct a sewer at a depth of 47 feet below the invert of the 
high-level sewer, proceeding beneath the River Lea near 
to Four Mills Distilleiy, taking the north-western bank of 
the Limehouse Cut,, at which point it receives a branch in- 
tended to intercept the sewage of the Isle of Dogs ; thence 
continuing along the bank of Limehouse Cut, through a 
portion of the Commercial Road, Brook Street, and beneath 
the Sun Tavern Fields, into High Street, or Upper Shad- 
well, at a point opposite to the church ; thence along Rat- 
cliffe Highway," and Upper East Smithfield, across Tower 
Hill, through Little and Great Tower Street, Eastcheap, 

D 8 
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Cannon Street, Little and Great St. Thomas Apostle, 
Trinity Lane, Old Fish Street, and Little Knight Bider 
Street ; thence heneath hoases in Wardrobe Terrace, and 
on the eastern side of St. Andrew's Hill, along Earl'Street 
and Black&iar's Bridge. From BlackMar's Bridge it was 
proposed to construct the sewer along the river shore to the 
junction of the Victoria Street sewer at Percy Wharf, which 
sewer, between Percy Wharf and Shaftesbury Terrace, 
Pimlico, would thus become an integral portion of the in- 
tercepting line. The whole length of this main sewer, from 
the Biver Lea to Bayswater, was about 8 miles, the section 
of sewer 8 ft. by 5 ft. or 5 ft. 6 in., and the estimated cost 
1,200,000?. 

270. The want of powers to raise money, under which 
the Commission laboured, as already explained in quoting 
Mr. Stephenson's Evidence, necessitated the suspension of 
proceedings, and shortly afterwards (in 1851) the death of 
Mr. Forster deprived the Commission of their professional 
adviser, and opened the door for a careful reconsideration 
of the plans he had proposed. In October, 1851, Mr. B. 
Stephenson and Sir W. Cubitt accepted the appointments 
of Consulting Engineers to the Commission, and various 
minor works or those of " drainage," merely, as distin- 
guished from the ulterior purpose of "intercepting" the 
passage of refuse matters into the Thames, were, during the 
following two years, sanctioned and executed.* 

♦ The following record of estimates for works ordered by tbe Metropolitan 
Commission may be nseful : — 

Ordered 6th September, 1850. 

£ t. 
340 ft. of 12 in. pipe sewer, Shepherd's Busb . • . . 70 

Kent Road 22 

Hanway Street J 

John's Court [ Oxford Street , 320 

Petty's Court ) 

Lisson Grove . • • • • 25 

Fortman Market • • • . 20 

Portland Street, Walworth . . 50 
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271. From a statement of the affairs of the Metropolitan 
Sewers Commission, read at a General Court, on the 6th 
September, 1853, it appeared that when, previous to July, 
1852, the power of <he previous Commission to call for a 
rate of 6 J. in the pound was reduced to 3</., 200,000^. was 
the sum required for their ordinary annual expenditure ; 
but that after this, they were empowered to raise not more 
than 100,000/., although they had entered into contracts 
which could not be withdrawn ; that when the New Com- 
mission was issued in July, 1852, after giving credit for all 
the rates,. there was still a balance of d6,000Z. against the 
Commissioners; that in the last 12 months, the present 
Commission* had executed, at the public expense, brick and 
pipe sewers to the extent of 28| miles in lenjgth, con- 

450 ft. of 2 ft. brick cnlvert, in line of Falcon Brook 
12 in. pipe sewer, Brick Street, Park Lane . 
„ Crown Court, Temple Bar. 

'* Y Moor Street, Marylebone 

f> J 

„ Lamb Court, Clerkenwell 

„ Fulham Road . 

„ Ebury Square, Pimlico • 
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Camberwell Grove .... 450 



Ordered 2l8t July, 1862. 

170 ft. of 12 in. pipe sewer, in Chester Mews, Pimlico. Gradient 

1 in 60 32 10 

660 ft. brick sewer, 8 ft. 9 in. X 2 ft. 6 in., in New Street Mews, 
Gradients 1 in 43, and 1 in 200. Materials— stock bricks, . 
Portland cement, and blue lias mortar .... 850 

100 ft. 12 in. pipe sewer, in Wobnrn Mews, West. Gradient 

1 in 100. (Contribution £2 per house) . . . . .18 

260 ft. brick sewer, 4 ft. X 2 ft. 8 in., in Highgate Road. Gra- 
dient 1 in. 122. Materials — stock bricks, Portland cement, 
and blue lias mortar 225 

120 ft. of half-brick barrel sewer, 2 ft. in diameter, in Wands- 
worth Road 30 

(8€e page 72 for prices in 1854.) 
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tracted for or put in hand 12^ nules, making a total of 41 
miles in length, at the cost. of 142,858/.; hut there were 
many other works considered as public, though constructed 
at the expense of proprietors abutting on public roads; 
there had been 11^ miles of these public sewers constructed 
in that period, at a cost of 36,413Z. ; these sewers were 
built at private expense, but afterwards became the pro- 
perty of the public, and were cleansed and repaired at the 
public expense, the original proprietor receiving a contribu 
tion towards the expenses from all parties who drained into 
them ; that besides these works and those executed at the 
public expense, there was a large amount of pipe sewers 
that could hardly be separated from public works. The 
length of these pipe sewers was 70 miles, executed at e^ 
cost of 44,108^. The works superintended by the Com- 
missioners cost 80,52 IZ., and the new sewers, executed by 
themselves^ 142,858^., making a total for works superin- 
tended, diu-ing the year of 223,374Z. The works of the 
Commissioners, however, did not end there. There had 
been repairs, and the cleansing of open and covered sewers, 
and on these three objects they had expended a sum of 
36,880Z. 

272. The state of funds in the several districts imder 
ilie jurisdiction of the Commissioners, on the 80th June, 
1853, was reported as follows : — Credit, 35,754/.; debt, 
29,407/. 12s. 7d. ; available balance, after taking credit for 
outstanding rates, 81,418/. 14«. Qd, ; current ordinaiy ex- 
penses per annum, 59,177/. 5s. ; estimated amount of ex- 
traordinary works ordered, 66,429/. 10s. lOd, Total pro- 
spective expenses, 125,606/. 15s. 10c/. Available balance 
for further extraordinary works ; — Credit, 8,723/. 16s. 9rf.; 
debt, 52,911/. 1 7s. iprf. ; amount to be derived from new 
rates of Qd. in the pound, 216,370/. Of this latter item 
an amount of 140,000/. might be collected within the 
year. Amount unprovided for, to be met by new rates, 
44,188/. Is. Id, This statement does not embrace the fol- 
lowing liabilities ; — Permanent ioans, 99,492/. Ids. Id. ; 



surveyor's IIKPORT. 56 • 

claim for Ordnance su^^ey, 24,ftia/. 17s. 6d ; total, 
123,706^. 10s. 6rf. Special contracts to the amount of 
46,508/. have been entered into, and duly executed,* during 
July and August, in respect of the most important of the 
works ordered, but not commenced, or only partly executed, 
up to 80th June, 1853. The following are the amounts 
produced by a M. rate on the larger districts : — Eane- 
lagh, ^ifiOOl, ; western division of Westminster, 37,000/. ; 
eastern ditto, ft 1,000/.; Holbom, 23,000/.; Finsbury, 
24,000/.; Spitalfields, 17,600/.; Surrey and Kent, 39,000/.; 
Counter's Creek, 5,200/. ; Greenwich, 4,000/. ; Fulham and 
Hammersmith, 2,500/. ; Eavensboume, 2,000/. ; Kichmond, 
1,000/. 

273. In October, 1853, the surveyor and consulting en- 
gineers of the Commissioners appear to have completed 
their plans for the main drainage of the metropolis, north 
and south of the Thames, which, after being received and 
adopted in Committee, were adopted at a Special Court of 
the Commissioners, held October 20th, 1853. 

The report by the surveyor (Mr. J. W. Bazalgette) was 
mainly as follows : — 

North Side op the Thames. 

" The * Hackney Brook, or Northern High Level Inter- 
cepting Sewer,' will divert the whole of the sewage and 
flood-waters of 14 square miles of the upper districts from 
the low districts, and from the river fhames, thereby re- 
ducing the size and cost of construction of the sewers in 
the low districts, and preventing the destruction of property 
by floods, as at present. 

"For instance, the Fleet sewer is now overcharged by the 
amount of drainage falling into it; it is uncovered for a 
great part of its length, through a dense population ; and 
in other places it has fallen in, and has been temporarily 
repaired ; but the Commissioners have never been able to 
apply an effectual remedy to it, on account of its present 
defective route, and the enormous cost of rebuilding so 
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large a sewer in a more direct line through a crowded popu- 
lation ; and, as it has always heen intended ultimately to 
divert its contents from the Thames, such a work could 
only have been of a temporary character ; whereas now, by 
the diversion of the upland drainage, these difl&culties will 
all be removed, and it and many similar sewers reduced to 
economical and permanent works. 

" The amount of drainage received by this upper line will 
govern the sizes of the lower lines of intercepting sewers ; 
and, as Parliament has now sanctioned the construction of 
a tunnel railway along the New Koad, which will intercept 
our present main line of sewers, and necessitate the imme- 
diate construction of an intercepting sewer along its route, 
this upper line is rendered the more immediately impera- 
tive. 

** This upper sewer will be in itself a complete and perfect 
work, and independent of any other intercepting sewer; it 
will afford an advantageous means of flushing and cleansing 
the sewers in all the low districts above which it passes, 
and thus improve their drainage; and it will relieve the 
neighbom'hoods of Stoke Newington, Kingsland, Clapton, 
and Hackney, from the nuisance of an offensive open sewer, 
known as the * Hackney Brook,' and the latter places from 
frequent inundations. 

" The route of this work commences with a sewer 4 ft. 
6 in. in diameter, by a junction with the 4 ft. circular sewer 
now constructing as the qutfall for the Hampstead drainage, 
in the line of the open Fleet sewer, its inclination being 1 
in 72. It passes along Gordon-house Lane, crosses the 
Highgate Road at an inclination of 1 in 134, and intercepts 
the second branch of the Fleet sewer, being at this point 
6 ft 9 in. in diameter. It then passes across the fields into 
the Tufiiell Park Road, turns down the Holloway Road to 
its junction with the ToUington Road ; at this point its 
size is increased to 10 ft. 6 in. in diameter, and it is laid at 
such a level as to" enable it to receive a branch from the 
Edgware Road and Regent's Pai'k, diverting the waters 
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of the upper portion of the Kanelagh and King's Scholars* 
Pond Sewers, and again intercepting the Fleet sewer at 
Kentish Town. From the Holloway Koad it passes under 
the Great Northern Bailway and New Kiver Cut, taking 
nearly the same direction as the present open Hackney 
Brook sewer, for which it will act as a substitute, and falling 
at an inclination of 1 in 476 to the High Street, Stoke 
Newington, near to Abney Park Cemetery, where its size 
is increased to 11 ft. 6 in. in diameter. It then passes 
along the Bectoiy and Amherst roads to Church Street, 
Hackney ; and from this point it is increased to 13 ft. 6 in. 
in diameter, and its inclination is 1 in 1320. Thence it 
crosses under the East and West India Dock Kailway, 
along Albion Boad, West-street, and through the Victoria 
Park, and under Sir George Duckett's canal, up to which 
point it is kept up to such a level that it may be carried 
over or under the. River Lea Navigation; or the sewage 
may be diverted from the point at Sir George Duckett's 
canal down below the^Lea Navigation, at Four Mills, retain- 
ing the present as a flood outlet; or the point selected 
would afford an advantageous position for tibe erection of 
sewage manure works. With all these alternatives held in 
view, it is proposed for the present to terminate this work 
with two parallel culverts, each 7 ft. 6 in. in height, by 8 ft. 
in width, discharging into the Eiver Lea at the present 
Hackney Brook outfall. This sewer is kept at such a level 
(for the purpose t)f being can-ied over or under the River 
Lea, and discharging at high water by gravitation), that a 
portion of the drainage of the Hackney Marshes cannot be 
turned into it ; this must either drain into the Lea, as pro- 
posed by Mr. Forster, or eventually be carried into the low 
level sewer, to be raised by pumping. 

" It is further proposed to ^ tide-gates at the mouth of 
the present Hackney Marsh open sewer, to prevent the 
ingress of the tide, and by this means, and the diversion of 
the upland sewage from it, to prevent the floods to which 
the Hackney Marshes are now subjected. 

n 3 
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" The estimftted cost of the whole of this work, from Kil- 
bum and Hampstead to the Biver Xiea, and a branch to 
Four Mills, will be about 271,290^., and the probable cost 
of that part of it which it is now proposed to execute wiH 
be about 181,290/. 

*' The areas which would drain into this sewer amount to 
about 8913 acres, or 14 square miles." 

Sir William Cubitt, one of the consulting engineers, 
having approved the plan, referred to the cost in the follow- 
ing words ; — 

''I have most carefully gone over the estimates, the 
prices of which are guided, in a great degree, by works of 
the same kind recently executed, and at this time in pro- 
gress for the Commissioners, to which heavy percentages 
are added for contingencies and compensations, for which 
no exact estimate can be made. The total amount, aa 
shovm by the estimate, is 271,290/.; but, reasoning from 
analogy in similar oases, I strongly recommend that the 
probable total cost of this measure should not be stated, 
or, at least, I do not think myself safe in stating it at le&n 
than 800,000^." 

South Sipe of the Thames, 
subbet 'and kent bbainage. 
<^ In preparing a design for a high-level or catchwater 
sewer, which, in conjunction with a low-level sewei*, will 
complete the main features of a design for the effectual 
drainage of the metropolitan districts on the south side of 
the Thames, and "the diversion of the sewage to a lower 
point in that river, it has been sought, as far as practicable, 
to comply with the resolutions of the Commissioners ia 
1860, communicated to their engineer, the late Mr. Forster, 
on the subject of the main drainage ; and, in describing 
the proposed scheme, it will be necessary, first, to oall 
particular attention to the natural features of the district 
to be drained, which covers an area of about 24 square 
milea 
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'^ The urban distritts and more closely populated suburbs 
are bounded on the north by the river Thames, on the 
east by the river Eavensboume, and on the west by 
the river Wandle ; the southern boundary being a summit, 
or water-shed level, about Miteham, Streatham, Norwood, 
and Sydenham. The river Thames now receives the drain- 
age of this district from the Heathwall, the Effra, tlie Bat- 
tle Bridge, the Great St. John's, the Dufl&eld, the Earl, and 
several minor sewers along its course, for a length of 
11 miles, between the outlets of the rivers Wandle and 
Bavensboume. It is not proposed to intercept the rainfall 
upon the lands adjoining, these two last-mentioned rivers; 
they will continue to receive it as heretofore. But it is 
proposed to divert from those lands, as far as practicable, 
the drainage of such roads and buildings as may be built 
upon them. 

" The northern half of the entire area is mostly urban ; 
and its general surface varies from the level of Trinity high 
water to 6 ft. below it. This tract has, doubtless, at one 
period, been a mai'sh covered by the waters of the Thames, 
although many of the houses upon it have now basements 
and cellars below the ground. 

'"The southern half is suburban, and its surface falls 
rapidly towards its northern or lower margin, from an ele- 
vation of 360 ft. higher ; so that during heavy rains the 
floods from the whole of this upper district descend with 
great rapidity into the sewers of the two lower districts, 
and, the mouths of those sewers being closed by the waters 
in the Thames for about eight hours each tide, the sewers 
themselves, moreover, being insufficient to store the storm 
waters, tbe result is, that during that period the lower dis- 
tricts are flooded. 

" It Y^ill be evident that it is impossible to maintain a 
continual and unintermitting flow in the sewers of the two 
lower districts, or to drain the cellars* and subsoil, and make 
them dry and healthy, without the aid of pumping. 

** The first object, therefore, has been so to intercept the 
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waters from the suburban, or high district, as to cany off 
the largest possible amount by gravitation, aad, having thus 
relieved the low districts from periodical inundations, where- 
by their size is reduced to a manageable limit, to deal with 
them as hereinafter described. 

"The high-level intercepting sewer commences at the 
north-west comer of Clapham Common, being of the ordi- 
nary foim (3 ft. 9 in. by 2 ft. 6 in.), and falling at the rate 
of 1 in 34 1 to its junction with its northern branch, its 
route to this point being through Clapham, Park Koad, 
Acre Lane, and Cold Harbour Lane, where it intercepts 
the Effra sewer near the Brixton Eoad, its size increasing 
in proportion to the .amount of drainage to be received by 
it, up to 9 ft. 6 in. in diameter at the point where it receives 
the drainage from 2200 acres. From this point the main 
line falls at the rate of 1 in 1760, or 3 ft. per mile, to its 
outlet. And from the junction with the northern branch 
to the junction with the southern branch, it is 12 ft. in 
diameter, and drains 3500 acres^ its direction being through 
Cold Harbour Lane, Love Walk, and fields to the Lynd- 
hurst Eoad, where it receives the southern branch. From 
this point to tlie outlet it is increased to two parallel cul- 
verts, each 1 1 ft. in diameter, passing mainly through fields 
and garden ground, and under the Brighton and North 
Kent Kailways, near New Cross stations, to the mouth of 
the Kavensboume, at Deptford Creek, into which it will 
discharge the drainage from 7850 acres by gravitation at 
high water of the highest tides. 

" The northern branch commences with a sewer 4 ft. in 
diameter, by a junction with an existing sewer in Rectory 
Grove, Clapham; and it falls at an inclination of 1 in 175 
through Larkhall Lane to Union Road. Here it increases 
to 6 ft. in diameter, and falls to its junction with the main 
line in Cold Harbour Lane, at the rate of 1 in 1 472, again 
intercepting the Eflfra sewer at a lower point in the Brixton 
Road, and draining 650 acres through a 7 ft. sewer. 

''The southern branch, or Eflfra diver si6n, commences 
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by a junction with the Eflfra sewer at Croxted Lane, near 
. Dulwich. It falls, at inclinations of from 1 in ft73 to 1 
•m 100, in a direct line to its junction with the main sewer 
in the Lyndhurst Eoad, being 9 ft. in diameter, and re7 
ceiving the drainage from 3100 acres. 

" These branches ai*e important parts of the high-level 
sewer, and without them it will not answer. In particular, 
the southern branch will save the covering of an equal 
length (about two miles) of the present open Effra sewer, 
the waters of which, instead of descending by a circuitous 
route, and with a flat gradient into the lower districts, will 
be diverted at a high level to a point nearer the outfall; 
and thus the size and cost of the upper portion of the 
main line will be reduced to one-half of what would other- 
wise be required, while a deep outfall for a new district 
now subjected to floods, namely, Dulwich, will be pro- 
- vided. 

" Taking the more comprehensive view of the drainage 
of the whole area, it is proposed to extend and slightly 
alter the design for the low-level sewer laid before the Com- 
mittee on the 20th ult., so as to include the drainage of 
Battersea and Battersea Fields. The present scheme com- 
mences with a circular sewer, 6 ft. in diameter, at the level 
of the bed of the Falcon Brook, Battersea. It passes along 
Battersea Koad, under the South-Westem Kailway, along 
Priory Koad, Lansdowne Koad, and the Clapham Road, to 
St. Mark's Church, Kennington Common, up to which 
point its inclination will be 1 in 1760, or 8 'ft. per mile, 
and its size will then have been increased to 8 ft. in dia- 
meter. From this point it proceeds in the direction of 
Mr. Forster*s line, by the side of the Surrey Canal, to the 
Old Kent Koad, at an inclination of 1 in 2112, or 2 ft. 
6 in. per mile, being at this .point 9 ft. in diameter. It 
then proceeds along the Old Kent Koad, in Coldblow Lane, 
where it leaves Mr. Forster's line, taking a direct course 
across the fields and market gardens, under the Brighton 
and the North Kent Railways, along New Douglas Street 
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and Griffia Street, to High Street, Deptford, its inclination 
for this length being 2 ft. per mile, or 1 in 2640, and its 
size 10 ft. in diameter. Up to this point it receives the 
drainage from 4450 acres. At High Street, Deptford, its 
size is increased to Id ft. in diameter, being intended 
eventually to receive here an important branch sewer ^m 
the Lower Deptford Bead, which will divert from Ihe 
Thames the drainage of about 3300 acres. The main line 
then passes between the Gas Works and the Vitriol Works, 
near the Greenwich Bailway, and under Deptford Creek, to 
a vacant piece of ground, well adapted for a pumping sta« 
tion, or for sewage manure works, or for continuing the 
line at some future time further eastward. 

^' The lift from the bottom of the sewer to Trinity high* 
water mark would here be 30 ft. ; and from 1500 to 2000* 
horse power would have to be provided at the pumping 
station. 

** The lengths of the proposed sewers would be as fol- 
lows :— 
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" The sections of these sewers are of a favourable oharao- 
ter ; their inverts generally average from ftO to 30 ft. below 
the surface ; and a very small portion of the work will have 
to be tunnelled. 

** Careful attention has been paid to the character of the 
smibce under which the sewers are to be constructed; pzi- 
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vate property aad bouses bava been avoided as mucb as 
possible; but, owing to the streets being irregularly laid 
out, it has not been practicable to effect this altogether, and 
in such cases the comparative value of the property has 
been duly considered. 

** It will be observed that, to save the permanent cost of 
pumping, the gradients of the low-level sewer have been 
reduced ; but the increase in the size of a sewer compen- 
sates for a loss of fall ; and the sewers will still maintain, 
through their whole length, a velocity of current varying 
from 1| to ^ miles per hour, with the ordinary flow of 
sewage, and during rains that velocity will be increased. 
In this sewer there will be a constant current of a large 
body of water, so that the average velocity will be sufficient 
to keep it clear from ordinary deposit ; but there will also 
be a good opportunity of flushing it, together with the 
other sewers in this district, from the catchwater sewer and 
the Thames at high water. 

** The minimum velocity of current in the high-level sewer 
will be about ^ miles per hour, while at the upper end it 
will be considerably more. 

»* The drainage of those portions of the metropolis at 
present requiring a deeper outfall must not be made de« 
pendent upon any scheme of interception, unless such 
scheme is 'adequate to carry off the rainfall, as well as the 
sewage, from them. It therefore follows that, whatever 
scheme of interception is eventually adopted, if it be short 
of such ci^acity, the sewerage and drainage of the metro- 
polis must be perfected and completed independently of it, 

^* If this reasoning be sound, it is manifestly more eco* 
nomical to construct one work which will answer every 
purpose, than to complicate it by the execution of duplicate 
sewers, in order to gain the same object which may be ob- 
tained by one; and it remains only to show that these 
sewers are sufficient to carry off the rainfall, as well as the 
sewage, from the districts for which they will be the out^ 
fall. 
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" An average of an annual rainfall amounting to 30 inches, 
added to the maadmum daily flow of sewage, would give 
only 3000 cubic feet per minute upon the upper district, 
and 4000 cubic feet upon the lower district, while extraor- 
dinary thunderstorms, amounting to 1 or 3 inches in an hour, 
are recorded. These, however, generally occur during the 
hot seasons, when the ground absorbs and the air evapo- 
rates a large portion of tiie rain. Such storms are generally 
partial, covering but a small district at one time, and are 
never of long duration, so that the whole of the waters that 
have fallen upon the district do not reach the outfall sewer 
until after the storm has abated ; and, a small portion only 
of the sewer being pre-occupied at the commencement of 
the storm, the remaining portion for some time stores the 
flood waters. A heavy and imiform rain of long duration 
is probably the most severe ordeal to which sewers are sub- 
jected, when, the ground and the air having become charged 
to their full extent, absorption and evaporation abstract but 
little from the sewers, and the feeder sewers, having also 
become charged, would be delivering to their full ^xtent. 

" The largest quantity of rain which fell in London in 
one day during the wet season of 1853 measmred li inch; 
but storms, amounting to 2| inches in a day, although of 
rare occurrence, have been recorded, and these would deliver 
into the high-level sewer 45,000 cubic feet per minute, 
while it is capable of discharging upwards of 46,000. The 
low-level sewer will discharge 21,400 cubic feet per 
minute; and it is here proposed that the existing main 
sewers in the low districts should act as reservoirs during 
such extraordinary storms. From tlieir construction, and 
the remarkable flatness of their level, they are peculiarly 
adapted to this object;, and it is estimated that on these 
occasions they woi^ld store the surplus floods without the 
rising of the latter to an inconvenient height, and would 
again deliver their contents into the Thames at low water, 
or into the intercepting sewer, as it became free to receive 
them. Thus the pro.vision of engine power for such rare 
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occasions would be saved, and the existing sewers made 
available. 

" The estimated cost of this work will be as follows : — 

£ 



258,000 
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Engines, pumps, &c. 
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100,000 


Land, buildings, &c., 


required 




for the permanent 


establish- 




ment . 


^ 


100,000 



379,000 

Total . . ". ^2637,000'* 

Extracts from the Beport of the Consulting Engineers on the 
Surrey and Kent Drainage , or the Drainage of that portion 
of the Metropolis which lies South of tJie River Thames, 

" The object of the measure is to drain, take off, or inter- 
cept all the rain-water and sewage which now fall into the 
Thames from the district which lies between the rivers 
Wandle and Eayensboume, and does not at present fall 
into those rivers, the whole of which comprises an area of 
at least 24^ square miles, or 15,680 acres, of one-half of 
which the rainfall can be intercepted and taken off by gra- 
vitation ; but the other, or lowest half, the greater part of 
which lies below high-water level, would have to be pumped 
up and delivered into the river at some point below London 
— say Deptford Creek — in the first instance, and subse- 
quently at some point lower down the river, should such an 
extension be deemed advisable. 

'* It may be here observed that the pumping-station at 
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Deptford Creek would afford a most excellent situation for 
the manufacture of * sewage manure,' by which means the 
sewage-water would be deodorised and delivered into the 
Thames, divested of its most offensive and deleterious 
matter, which hj that process would (as is aflfirmed) be 
separated and converted into a most valuable product for 
agricultural purposes. 

**■ To prevent mistakes and misapprehensions on the vast 
subject of draining this great metropolis, and particularly 
as regards its cost, we deem it proper to state in this place 
that the special object of this report is not the * sewerage,' 
properly so called, of the metropolis south of the Thames, 
but, in reality, the construction of a work, by means of 
which the sewerage of the southern portion of London 
may be freed from flooding in the first place, and well 
drained in the next ; in short, to produce the same effect 
that would be produced by raising the land on the south 
side of the metropolis 20 ft. ; in which case, every main 
sewer could discharge itself into the river, either deodorised 
or not, as might bei deemed advisable, without pumping,* 
and the cost of sewerage would be the expense of the 
sewers only to effect the drainage of the basements of all 
the houses ; and the whole expense of what is herein re- 
commended is the construction of a set of underground 
main intercepting drains or * arteries,' sufficiently low to do 
that by the artificial means of pumping which the Thames 
cannot do of itself by natural means; and it follows, of 
course, that the cost of putting things in this position, and 
constructing this * arterial drainage,' is altogether over and 
above the usual cost and expenses of carrying into effect 
the sewerage of a town, a circumstance which cannot, in 
OUT judgment, be too strongly impressed upon the minds 
of those who are crying out (and certainly not without rea- 
son) for improved sewerage ; for, supposing that the * arterial 
drainage,' with its plant of steam-engines and pumps, costs, 
in the whole, three-quarters of a million sterling, it will 
probably cost another quarter to complete the 'sewerage' 
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of the district eren as it now exists, leaving alone fur* 
ther extensions of the southern portions of the metro« 
polis. 

*' Now, looking to the fact that no real henefit can he de* 
rived till the plan he fully carried out to the extent only as 
herein contemplated, ^and that the sooner it can he done 
the hetter, the question is, Can 750,000/. be raised forth- 
with to complete this * arterial drainage,* and secured by 
special rates upon the whole district to which it equally ap- 
plies, leaving the raising and expending of money for the 
common sewerage to be managed as at present in the dif- 
ferent districts ; the first would be a uniform and standing 
rate for a given long period, till the sum borrowed was paid 
off, with interest, which would be followed by a small uni- 
form rate, to cover the current expenses of pumping, &c. ; 
and the second, a rate varying both in district and amount, 
according to the wants and current expenditure of the dis- 
trict in which the new sewers or other works are situated. 

"The raising of the funds necessary to cany any mea- 
sure of this kind into effect, and securing the repayment, 
is of equal, or, perhaps, even greater importance, than the 
measure itself, and cannot, in our opinion, be too strongly 
impressed upon the Commissioners, and by them upon 
that department of the Government with which such mat- 
ters rest ; but we again repeat our opinion that the capital 
to be raised for the arterial drains, such as the Hackney 
Brook sewer, on which we have already reported, on the 
north of the metropolis, and the high and low level arterial 
drains on the south, should be considered as separate and 
distinct, both in the mode of raising and rating, and also 
of repaying the money, from that for the common sewers, 
which are made to discharge into the arterial drains. 
** We have, &c., 

♦*W. CUBITT, 

"B. Stephenson." 
874. On the d7th of February, 1854, a Special Court of 
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Sewers, composed of members both of the city and metro- 
politan Commissions, was held, for the purpose of receiv- 
ing, considering, and determining upon, the report of the 
surveyors to the commissioners, " upon the s^ewage inter- 
ception and main drainage north of the Thames, a portion 
of the works described in such report having relation to 
sewers made or to be made within the City of London and 
liberties thereof." Appended to the report, which described 
minutely the localities through which the main sewers were 
proposed to be carried, was an estimate of the probable ex- 
pense of the works requisite on the north side of the 
Thames, amounting to 1,378,190^. This is exclusive of the 
proposed " Hackney Brook " northern high-level interceptr 
ing sewer, estimated at 271,290Z., including the cost of tiie 
work from Kilburn and Hampstead to the river Lea, and a 
branch to Fom' Mills. Sir W. Cubitt, one of the consult- 
ing engineers of the Commission, added a revised estimate 
of his own as lo the probable actual cost of the works de- 
scribed in the report, and also of those proposed for the 
' south side of the Thames, including the extension to the 
Thames in Plumstead Marshes. As to the north of Thames 
intercepting system and conveyance down to Barking Creek, 
Sir William estimated 1,750,000^. instead of 1,878,190/. 
And for the south side he allowed 750,000i. for the works 
as terminating at Deptford Creek, and previously estimated 
by Mr. Stephenson and himself, besides 600,000^. for the 
extension of such works through Greenwich and Woolwich 
to an outlet in Plumstead Marshes, making a grand total 
of 3,000,000Z. for completing the arterial and intercepting 
drainage of the entire districts north and south of the 
Thames. 

275. It has appeared desirable to quote these reports at 
considerable length, in order to record the latest proposals 
emanating from the highest engineering authorities yet con- 
sulted on metropolitan drainage. The Commission, under 
whose authority these reports were prepared, however, 
on the occasion of the meeting last referred to, held on 
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February 27, 1854, adjourned sme die, in consequence 
of the receipt of a letter forwarded by order of Lord 
Palmerston, the Secretary of State for the Home De- 
partment, avowing his opinion that the system of drain- 
age advocated by the Board of- Health, (as distmguished 
from that adopted by the Commissioners) was " that which 
ought. to be adopted, as combining the greatest degree of 
efl&ciency with the greatest degree of economy." Now, thei 
essential difference between the " systems " advocated by 
the " Commission" on the one hand, and the " Board" on 
the other, will be apparent from the following extract from 
a letter addressed to Lord Palmerston by Mr. F. O. Ward, 
and referred to in his lordship's communication to the 
Commissioners just quoted: — 

" TheXiommissioners of Sewers and the Board of Health 
are at issue as to the cheapest and best way of draining 
houses. 

" The Board of Health advocate the drainage of each 
house block by tubular submain running behind the houses, 
and receiving the sewage of each by a short tubular branch. 
They recommend a larg^ reduction of the sizes of drains 
hitherto employed ; for the single house drain they recom- 
mend a 4-in. pipe ; for the submain receiving several of 
these a 6, gradually expanding to 9, 13, and so on up to 
20, as the lengths of the submain and the number of 
branches received by it increase ; such drains, they say, are 
self-scouring, the run of water through them is so concen- 
trated that it keeps them clear of deposit; the branches 
being very short, and running backward towards the dram 
behind, instead of forward beneath the houses towards a 
sewer in the street, have a quicker fall, and, in case of 
leakage, leak into the open air, not into the houses, while 
the cost is so much reduced by this method that blocks of 
labourers' houses may be thoroughly drained and fitted 
"with sinks and soil-pans for an improvement rate of less 
than %d, per house per week. 

" The Commissioners of Sewers, on the contrary, recom* 
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mend large brick sewers under the sti-eet in front of the 
houses, beneath each of which they cany a long drain from 
back to front, strictly forbidding more than two houses 
being relieved by one pipe drain ; a system "which, whether 
otherwise good or not, certainly entails an enormous in* 
crease of expense on the house-owners, and thereby re- 
doubles the resistance on their part to sanitaiy improTe* 
ment 

" The Commissioners of Sewers lay great stress on the 
independence secured by their system to each house-owner, 
whose premises are traversed by his own drain only, which 
he may take care of or neglect as he pleases, as its stop- 
page can only injure himself. They allege against the 
Board of Health plan, that it trespasses on private pro- 
perty, that any stoppf^e of the tubular submain causes 
all the houses higher up to suffer, and renders it necessaiy 
for workmen to enter private back-yards to search out and 
remedy the evil. They also deny the self-scouring property 
of the tubular submains, and refer in support of their view 
to several hundred cases of stoppages in tubular drains, 
collected in a report of Mr. Bazalgette. 

" The Board of Health, on the other hand, declare the 
householders' pretended independence on this plan to be 
illusory, seeing that the big street sewer is, nine times in 
ton, an elongated cesspool, where the sewage of each stag- 
nates to the detriment of all, while the stoppage of a branch 
drahi running beneath a house on the old plan often causes 
stench in the houses on either side. Against the incon- 
venience of an occasional invasion of the back-yards by 
workmen, they set the greater inconvenience of periodical 
invasions of the street and stoppage of the traffic, besides 
tearing up of kitchen floors to get at foul drains under the 
houses. In reply to Bazalgette*s report, they bring forward 
examples by hundreds of pipe sewers working admirably 
year after year, and attribute such stoppages as have oc- 
curred to errors incidental to the first introduction of a 
new system— errors which, once known, may be avoided. 
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Among these they cite the use, at first starting, of drain 
pipes which were too thin, so that they broke under the 
presstnre of superincumbent earth, the uneren laying and 
careless jointing of pipes by the jobbing builders often 
employed (as in some parts of Croydon) on this work, the 
use of soil-pans with ducts as large as the pipe drams to 
which they led, and, above all, the often scanty and inter- 
mittent supply of water to the system. I'hey further point 
out that a population accustomed to open privies and cess- 
pools, available as receptacles for .solid refuse of every 
kind (refuse properly due to the ashpit), have to go through 
a transitional period of a few weeks, while they are learn- 
ing that such practice leads to stoppage of the new circu- 
lating system, and must be abolished along with the old 
stagnant cesspools. They say that many of the tubular 
sewers, put down as failures in Bazalgette's report, are at 
this moment working perfectly well, for which reason they 
take all his allegations with very great reserve. They pointy 
with some reason, to Lambeth Square, New Cut, where 
the Commissionei's have allowed SU houses to be drained 
by four tubular back drains, which act perfectly well, quite 
as well as 3d separate drains could act, though these would, 
have cost eight times as much; and they ask, why this 
eightfold cost should be imposed upon London at large by 
the very same authority which sanctioned in this square the 
combined drainage, which is found to work well." 

276. On the 3nd March, 1854, on the motion for the second 
reading of the " Great London Drainage Bill" (which was 
negatived without a division), Lord Palmerston stated he 
was about to re-organise the Commission of Sewers, and 
that Commission had lately matured a plan for the drain- 
age of the metropolis, which, upon full consideration, he 
believed to be a good one, and likely to effect the objects 
which the scheme now before the House was intended to 
effect. He thought there would be great advantage in the 
drainage of the metropolis being effected and managed by 
one central department in some degree connected with the 
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local authorities. Moreover, if it' should be possible to 
realise that which, according to this Bill, might be realised 
— namely, the connection of the drainage of the metropolis 
with some commercial advantages from the transformation 
of sewage into manure — that also ought to be in the hands 
of Commissioners, in order that any such profit might be 
applied for the public benefit in diminution or relief of the 
rates raised for the construction of the sewers.* 



SECTION II. 

Supply of Water. — Public Filters and Reflervoirs^ &c. 

277. Quantity and quality — criteria of every-day applica- 
tion — have special reference to the supply of water for 
every congregation or community of human beings. The 
vaiied practical purposes of domestic life to which this 
invaluable agent is alone applicable, and the intimate con- 
nection of many of these purposes with the health, life, 
and well-being of humanity, at once attest the high import- 
ance of abundance and of excellence in our command of 
water. Kivers, springs, and surface collections have already 
been enimierated as the several soiurces of w^ater for the use 
of towns, and the advisability of resorting to one or other, 
or combinations of these sources, has been shown to have 
some dependence upon the superficial contour of the town 
and suburbs. Facility of supply, promoting the economy 
of the means, will of course always have great influence in 
determining the source to be referred to. Bivers and their 
feeders — ^brooks or streams — ^may be classed, as the most 
abundant sources in most instances, but their applicability 
can seldom be realised without some expenditure of power — 
natural or artificial. Surface collections and springs, on 
the other hand, are frequently applicable by the force of 

* The subsequent proceedings of the Commissioners, bringing down our 
bistorical sketch to the latest time before publication, also Mr. Stephenson f 
Eeport on the " Intercepting System/' will be given in an Appendix at the 
end of thii book. 



QUALITIES OF WATEB. ^ 73 

gravity unaided by power, and requiring only suitable 
channels in which the supply may be conducted from the 
higher lands aroiuiH the town. The cost of power has, 
however, lost much of its importance as an element in the 
calculation since the steam-engine has enabled us to per- 
form constant and easily-regulated duty in the raising and 
conveyance of water at a very small expense ; and, there- 
fore, the comparative abimdance of the several sources at 

, all seasons will determine the preference rather than the 
susceptibility of self-propulsion. 

278. Where a choice is afforded as to sufficiency of 
supply, however, the qualities of the water should be al- 
lowed great influence in ruling the selection. Tracing all 
these forms of immediate supply to the common original 
one of rain water, we may readily infer, from a knowledge 
of its ordinary properties, and of the effect of its subse- 
quent treatment, the particular stage of this treatment at 
which it will be the most desirable to convert the water to 

. our purposes. Kain water, as ajready shown (Part I. para- 
graph 54), contains ammonia, but it is, as well known, the 
least impure in constitution of any water at our command. 
All the earthy, animal, and vegetable matters with which 
water becomes charged, are extracted from the soil 
through which, or the surfaces over which, it passes. The 
nature of these matters depends upon the constituents 
of the soil which is percolated; the amount of them will be 
in proportion to the time during which the water is main- 
tained in communication with the soil, modified of course 
by the degree in which they may be adapted for mutual 
action. Hence it follows that the scale of comparative 
pmity would stand thus : — 1. Rain-water. 3. Water from 
^surface drainage. 3. Water from soil drainage or percola- 
tion. 4. Water from rivers or brooks. 5. Water from 
springs and subterranean sources. Regarding No. 4, how- 
ever, it is to be remarked that the collection of the water in 
any kind of channel allows of a partial deposition of the 
heavier particles which the water has imbibed, facilitated, of 

E 
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cotirs6, by the depth of the body of watef, and the sloWtiess 
of the current, or minimum of motion. And besides! this, 
the exposure of water* to the action of the atmosphere 
appears to assist the evolution of some constituents which 
impair its purity. Water from streams atid rivers corner 
thus to be considered as next in comparative purity to rain 
water immediately derived, while that taken from springs^ 
and sources in Which it has long i*emained in Intimate 
contact with soluble earths and other mattel^, is found to 
have acquired a corresponding proportion of thesle impuri^ 
ties. 

J279. The different kinds of impurities contained in WAtef 
have been explained (56 and 67), and the means of testing 
and correcting some of those shown (58 and 69). The 
process of filtration through the soil, which the water 
derived from subterranean sources utidergoeft, tends to 
separate the animal and vegetable impurities, and thus 
spring-Water and well-water being comparatively clear, are 
commonly reckoned as pure. The matters which these 
waters nevertheless contain are, however, separable only by 
chemical treatment, while the impurities of river-water 
may be got rid of to a great extent by mere subsidence and 
self-filtering. 

980. The several purposes for which water is required ill 
a town, or collection of people, are — 1. Ordinary domestic 
uses, including drinking, washing of persons, clothes, 
utensils, houses, yards, and watering gardens. Sec. ^. Ma- 
nufactures. 3. Supply of public buildings, baths, wash* 
houses, &c. 4. Extinction of fires. 5. Cleansing and • 
watering of sti*eets and thoroughfares. 6. Supply of foun- 
tains, and public gardens and pleasure grounds. 7. Mis- 
cellaneous and occasional purposes not included in the 
foregoing. 

281. The supply necessary for the total of tliese pur- 
poses may be reduced into an average quantity for each 
individual of the population, and each square acre, yard, or 
foot of the superficial area of the town. The latter datum 



EEQUIRED SUPPLT. 75 

iriti. also afford the means of estimating the proportion of 
the supply which will be immediately rendered in the form 
of rain, and the difference between the amount of which, 
and the total quantity required, will represent the propor- 
tion to be served by other means. 

283. Adopting 24 inches as the average annual fall of 
I'ain, ittnd half Ht this as remaining after evaporation, as 
this quantity will facilitate an approximate caleulation, and 
be sufficiently near the truth for the purpose, (an exact 
average for plaeesj years^ and seasons being scarcely cal- 
culable even by the most laborious computation,) it appears 
that 1 cubic foot of rain-water is annually retained upon 
each square foot of surface, or 9 cubic feet on each square 
yard, equal to 43,560 cubic feet upon each square acre. 

283. For the first, second, third, and fourth of the pur- 
poses enumerated (280), a daily supply of 20 gallons for 
each individual will be a fair average, being tflore than 
Sufficient In to^ns having an ordinaiy proportion of mttdu- 
facturmg o^JeratlotiS carried on within them, and nearly, if 
tiot quite ^o, even in towns where an excessive proportion 
of manufactories eiist. This may be inferred from the 
quantities now siippiied in towns. In Preston, Lancashire, 
the supply by the Wateihvorks Company is on an average 80 
gallons daily to each house, including factories and public 
establishments, and as the service is constant and the 
quantity unrestricted, it is presumable that much of this 
quantity is wasted, and, if properly reserved, might be 
made to supply, partially at least, the cleansing of the 
streets. The tenements occupied by the labouring classes 
in this town are estimated to consume only 45 gallons each 
daily. Assuming 6 as the average number of occupants of 
each house, the supply to each in these cases will be 16 
and 9 gallons respectively. In Ashton-imder-Lyne the 
daily supply to each house is 55 gallons, or 10 gallons 
to each person; and 18 factories in this toWn consume 
1,103,000 gallons daily. Experiments tried in the year 
1847 proved that the daily consumption per head of the 

E 2 
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tenants supplied by the Ash ton Waterworks Company 
averaged 0-245 gallons ; while the quantity supplied to the 
mills in the neighbourhood averaged about 7 gallons per 
head in addition, making a total of about 14 gallons per 
head per diem. In Nottingham, the " Trent Water Com- 
pany" supply 17 or 18 gallons per individual, daily, in- 
cluding the trade consumption. The quantities supplied 
by four of the leading companies in the metropolis are as 
follows : — 

East London 100 gallons per house per diem. 

New River 114 „ „ „ 

West Middlesex 150 „ „ „ 

Chelsea 154 „ „ „ 

These rates of supply will be found to corroborate the 
average we have assumed for each individual. Thus in the 
district supplied by the East London Water Company, 
including Spitalfields, Bethnal Green, Poplar, Limehouse, 
and other populous neighbourhoods filled with the poorer 
class of persons, it will be found the average number of 
persons is much above 5 ; 7 or 8 would probably be much 
nearer the truth. The New River Company also supplies 
populous districts. Many of their customers are similar to 
those just described, and the average of all would ceiiainly 
give more than 5 persons to each house. In the districts 
supplied by the West Middlesex and Chelsea Companies, 
' tlie population is mainly of another class, or rather classes, 
but all of which occupy lai-ger houses than tliose in the 
Eastern and Northern parishes, and the average consump- 
tion in each house is high in comparison with the others, 
owing to two causes, the larger number of residents in each 
house, including domestics, &c., and the larger quantity 
consumed in baths and other means of private luxury and 
comfort which are beyond the command of the other 
classes of society. 

284. Although it would thug appear that an allowance of 
20 gallons per diem for each head of the population will 
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suffice for domestic and manufacturing purposes,* including 
the supply of public buildings and for the extinction of 
fires, we would prefer to provide for a constant service of 
30 gallons, in order to make an ample provision for all 
possible casualties and increased demands. Water is pre- 
eminently so valuable, and, when properly sought, so cheap 
an agent, that extravagance should always be permitted 
rather than a deficiency be risked. 

285. For the three remaining pinposes,. viz. : — the clean- 
ling and watering of streets and thoroughfares, the supply 
of. fountains, and public gardens and pleasure grounds, and 
such miscellaneous and occasional purposes as are not 
included in the six preceding classes, the average quantity 
of water required may be reduced, for an approximate esti- 
mate, into a given depth per diem, or annually, according 
to the surface occupied by the town and suburbs to be sup- 
plied. Towards this quantity, the rdn may, as we have 
seen (282), be estimated to contribute an annual average 
depth of 12 in. available water. Now, allowing y'^th of an 
inch of depth of water to be daily required over the entire 
surface of the town for the several purposes stated, (and we 
believe this to be a liberal allowance,) we shall have an 
annual total depth of 365 -r- 10 = 36*5 in., which may be 
regarded as 36 in., from which deducting the 12 in. sup- 
plied by the fall of rain, we have the remainder equal to 
24 in. depth to be supplied by other means. 

286. We thus derive a inile as to the quantity of water 
required to be supplied in any town, which calculates the 
total quantity upon two given data; viz. : — ^First, tlie amount 
of the population ; and, secondly, the superficial extent of' 
the town and neighbourhood to be provided for. Thus, by 
way of example', let us suppose a town having a population 

* In June, 1850, it was estimated, upon official data, that there were 
288,000 houses in the metropolis, of which 270^000 were supplied with 
water, the quantity of which was 45,000,000 gallons daily, or 167 gaUons 
per house. 
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of 100,000 persons, and an area of 1000 acres. Tha qiwv 
tity require^ to be provided annually for this town, would fep, 

Qallops. 
Population 100,000 X 30 X 365 =«= J,O95,O00,O0Q 
Area 1000 x 43,560 x 8 x 6 == 522,720,000 

" ■ / ■ 
Total annual quantity 1,617,720,000 

allowing each cubic foot to equs^ 6 imperial gallons, wlnpl^ 
is sufficiently near t}:ia troth for ^ general palouUtipn, 

937. Having thus endeavoured to arrive ^.t ^ af^rQxL- 
jfn^te estin^ate of the quantity of wate£ i?eqviired fop any 
town, fprin0d upon the isitA of the amount pf population 
^d ^3^t^»t of surface to be s^ppli^d, we have now to refer 
tp the questipn pf quality, mi cite such ob^epv^'^ns as wa 
ean, which have tended to exhibit the qualities of water 
derived from the several sources of rivers, springs, aiid 
^urfece collections, pr superficial drainage. In these par- 
tipulars it will also be useful to include such accounts of 
the topographical and geological features of the towns and 
districts referred to as we can collect from the trustworthy 
testimony of witnesses before public Commissioners. 

288. The borough of Preston comprises an area of 1 060 
acres, a population (in 1841) of 50,131, and 9094 houses at 
the same date. The town stands principally upon a dry 
sand of the '* recent fi)rmation," marl, clay, and gravel exisU 
ing in some parts. At a depth of about 90 ft. from this 
fiuriace-soil, the <* new red sandstone " is found ; the scune 
i»ook forming the bed of the river Bibble, which through two 
miles of its course flows at about a quarter of a mile dis- 
tance from the town, which has a general «6st^rly slope 
tpwards the river, the highest sites being about 180 it., and 
the lowest about 35 ft. above its low-water level. More 
than half of the town is supplied with water by the Preston 
Waterworks Company, which derives its supply from the 
" mill-stone grit" fonpatioii at Xjopgridge, distant about seveft 
miles eastward from Preston. The remainder of tl^e tQWH 



ig imppUed from veils, The wbol§ pf the supply from 'both 
spurcea is described ftg pf ea^aellent quality, but we ha,v@ np 
analysis to determine its ingredients, T|ie geological in- 
fluences by which water derived from such strata as are 
h^re described is affected, are oertp-inly likely to furnish a 
wat^r of good general quality and comparatively free from 
(solublp miueral ipipnrities, while the elevated position of 
tbe town iA relation to the river would discourage a resort 
to it for general supply upon economical grounds. 

889, Chgrlton-upon-Medlock, one of the townships of the 
borough of. Manchester, from which it is indeed separated 
only by the Jittle river Medlqck, comprises au area of 
fthont 700 aqreg. The number of houses in 1841 was 
6081. and the population about 89,000, The soil is of two 
kinds, ^tiff clay over the southern part pf the town, and 
gravel chiefly over the northern- The gj^ological formation 
is the new re*d sandstone, which is found at depths varying 
from 3 to 90 ft. from the surface. A stream called " Corn 
Brook " which flows through the township for more thau a 
mile, and delivers into the river Irwell at -a distance of 
about two mile0, is little better than an open drain, and 
keeps that part of the town near to its hanks in a damp 
and unhealthy condition. The supply of water is derived 
partly by a Waterworks Company from Gorton Brook, 
which affords the only streamrwater fit for use, and partly 
hy pumps from wells in the grayel and sandstone. Tb^ 
water from these latter sources is descrihed as being 
♦* bright and sparklmg and well tasted, but hard/' 

'890, The town pf Ashton-under-Lynp is built on a 
gentle declivity on the northr-west bank of the river Tame, 
ftbovp which it is elevati^d from 90 to 40 ft., the smrroundr- 
ing country being remarkably for it^ generally level cha- 
racter, The prinpipal geological feature of the neighbour^ 
hood is the great coal deposit, the suriaqe-soil being day 
and loam, and the subsoil clay aud gravel The sub-strata 
are chiefly schistus and pandstpne* with inteimediate layers 

of epalf Th? watey fov the puppiy pf the tQwa i§ derived 
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by a Waterworks Company from springs in the higher parts 
of the parish, and is of a medium quality, being such, how. 
ever, that it is said to be " wonderfully " improved by filtra- 
tion. 

291. York, situated in the centre of an extended vale, 
hes between the. rivers Ouse and Fdss, and immediately 
above their junction. Both of these are navigable and 
tidal rivers, but tlie tide is prevented from rising to the 
city by a lock placed five miles below it. The available 
water is derived from the river Ouse, from wells varying in 
depth from 12 to 40 ft., and from borings from 350 to 380 
feet deep from the surface. The inquiries of the Rev. W. 
Vernon Harcourt, and of Messrs. Spence and White, of 
York, have fvirnished us with much valuable and accurate 
information as to the qualities of these watei*s, and the 
geological conditions in which they are presented; and, 
from the records of these inquiries, a few facts may be 
advantageously quoted as illustrations of general principles, 
which will be found commonly applicable to the several 
sources of water for the supply of towns. 

293. From these records it appears that the total of 
gases contained in one gallon of river-water, from the Ouse, 
amoimted to 10*4 cubic in., and the average of 14 waters 
from the springs, or superficial wells, amounted to 23-8 
cubic in. That the total of solid contents (consisting of 
carbonates of lime, magnesia, and iron, sulphates of lime 
and magnesia, muriates of soda and potash, silica, and 
vegetable matter,) in one gallon of river-water amounted to 
9 grains, — ^while the average of solid contents of the fourteen 
well-waters amounted to 64*96 grains per gallon, comprising 
the same carbonates, sulphates, and muriates as found in 
the river-water, with the addition of muriate of lime in 
some specimens, and of the nitrates of lime, soda, or mag- 
nesia in all. An analysis of the water from the deep 
springs, made by the Rev. W. V. Harcourt, showed the 
presence of 96 grains of solid contents in one gallon, and 
of this quantity about half consisted of medicinal salts; 
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viz., 83*9 grains of the crystals of sulphate of magnesia, 
and 1 4'4 grains of the crystals of sulphate of soda, besides 
a small prc^ortion of bicarbonate of iron. 

293. The causes of these diflferences of ingredients 
(which, together with considerable diflference of level at 
which the waters are maintained in the several wells, evince 
their independence of each other, and of the river) are 
referable toHhe geological conditions under which they are 
collected. The section of an Artesian well sunk to a depth 
of 378 ft. in the city showed the following arrangement of 
strata: — clay and gravel, 18 ft.; fine river-sand, 60 ft; 
sandstone rock and loose sand, 60 ft. ; a thin seam of blue 
clay and water, and sandstone rock, 62 ft.; another thin 
seam of clay and water, and sandstone rock, 178 ft. The 
Eev. W. V. Harcourt describes this sandstone formation, 
and the structure of the bed of the river Ouse, as follows : — 
"This sandstone rock belongs to the beds of the new red 
sandstone formation, which crop out in a low line of undu- 
lating hills along the western margin of the basin of the 
vale of York, passing in a south-easterly direction from 
Rainton to Borough Bridge, and Ousebum to Green Ham- 
merton, and emerging again fi'om beneath the diluvial 
covering of that basin at Bilbrough, within a few miles of 
York. The immediate substratum of the soil in this line 
over a considerable tract of country consists of these porous 
beds, and the water which falls or flows down upon it 
passes through them, between the seams of clay which 
alternate with the sandstone, along the, dip of the strata, 
eastward to York ; it is thus carried between the diluvium 
below the bed of the Ouse, and is dammed up under the 
superincumbent mass, in the reservoirs of the sandy beds, 
to the above-mentioned height of 15 or 20 ft. above the 
summer level of the river, to which height it is found to 
rise where the superior seams of clay are perforated by 
boring. The water of the Ouse consists chiefly of the con- 
tributions of the rivers which flow from the high hills on 
the north-west of York, (especialiy the Swale, the Ure, and 

E 3 
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the Nid,) and are fed by the yains falling on tbeir siimmita. 
Tlie ptreaws from this sonree, after percolating libe mill- 
stone grit, with which thos0 hijls are capped, find their 
ol^ftnuels on the surfaoe of th^ impervious beds pf tl^e sub- 
jacent linrntone and »hale along the yeilleya, m^ are eon^ 
veyed on finings of diluvM chy across the edge of the 
sqperioy strata, ^nd over the drift-covered plwi of the re4 
gancUtone to York, To thifij account of the geelogical con- 
ditions under which York is supplied with wftter, is to be 
added: — 1st. That the gritstone hills which furnish the 
liver-water include few materials of s^ine impregnation. 
6nd. That tbe bed^ of the red sandstone in which the deep 
springs run are pre-eminently sftliferous. Srd. That the 
rubbish of centuries accumulated in some parts of the city 
to the depth of three or four yards over the diluvial beds, 
which contain the superficial wells, is full of decomposing 
matters, tending to mineralize aud contaminate the water. 
The waters of these wells, f^ceqrdingly, are highly charged 
with soUd matters, amounting, on an average, to about 6Q 
grains held in solution in an imperial gallon. In two 
cases Mr. Spence found in them fpom 6 to 7 grains of 
Epsom salts, and in one IX grains; in two others he found 
ai and 88 grains of neutral salts of soda and potash. In 
these last an infiltration mQ.y be suspected from the deep 
springs ; but in general there are .sufficient materials in 
and upon the drifted beds to account for the sulphate and 
carbonate of lime, of which the solid contents of tbese 
waters are chiefly compounded, mi which render them 
harder than is desirable, either for drinking or for eulinaiy 
use.'' 

ft94. The evidence here so well adduced is amply suffi- 
cient to account for the differences observed in the chemical 
qualities and adulterations of the water derived from the 
several sources; while that from the river Ouse, on the 
other hand, furnished by the gritstone hills, being purer at 
its somwe, end subsequently improved by e^popm'e to tUe 
air, contains only grains of soUd contents in the g^Uon, 



and presents m 0^hm»tles& gouroe of water of excalleut 
qualities tov all the purposes of the city. 

go 5. The materials of ggme soils are particularly preju- 
dicial in their effects upon water passing through them. 
Thus peat impregnates the water passing through it to so 
great an extent, that it becomes discoloured, and thus ex- 
poses the origin of its impurity. Mr. Homersham, who 
devoted much attention professionally to the several water- 
souroes around Manchester, has recorded his observations 
pn this suttject, and cites the confirmatory remarks of per- 
sons resiiding in the valley of Longdendale in that locality, 
that " upon heavy rains following a drought in the summer 
time, tb^ water flowing down the streams is about the colour 
qf London porter, and so sti-ongly impregnated with moss 
and peat, ■ that it can at such time be smelled a field off.' "t 
When the water derived from peat lands passes through 
mineral rooks of particular formation, a process of natural 
filtration is .eflFected by which the colouring matter is ab- 
sorbed, and the water emerges in a tolerably pure state. 
This fact was observed by Mr. Thorn in examining water 
which flowed over or through a particular species of lava or 
trap-rock (amalgoiloid) in the bills above Greenock, and was 
found to have thus become purified equal to fine spring-water. 
Mr. Thom made good use of this observation by substitut- 
ing this rock, obtained in that neighbourhood at a nominal 
price, for pharcdal in the subsequent process of artificial 
filtering. 

a06. The town of Nottin^am, which is chiefly at a con- 
siderable elevation above the surrounding country, on the 
southern, eastern, and western sides, occupies the declivity 
of the .southern termination of a long range of hills, and 
Jias the valley of the Trent about one mile in width at its 
foot. Three-fourths of the town has an e^vation from 50 
to JiOO ft. above the valley, and stands immediately on the 
new red sandstone rock, which, being absorbent, remains 

* '' Eeport on the Water that can be Supplied to the Inhabitants of Man- 
eheiter aad Saiferd, p. 85." Weale, 1848. 
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dry on the surface. The remaining portion of the town 
has a sub-sti-atum of similar material, but stands immedi- 
ately on an. alluvial deposit of gravel silt, and decayed vege- 
table matter, lying in the valley of the Trent or its tribu- 
tary streams. By two of these, the Leen on the south, 
and the Beck on the east, which flows into the Leen, the 
-waters are conveyed into the Trent. The town is supplied 
mainly by two water companies, whereof one derives its 
supply from springs, situated about 1 J mile north of the 
town ; and the other from the river Trent, on the banks of 
which a reservoir aad other works have been constructed. 
A small part of the peculation is supplied by minor works, 
which, by means of steam-engines, raise their supply from 
wells sunk in the new red sandstone rock. The quality of 
all these waters is described as being good, but those from 
the sandstone contain " carbonate of magnesia in notable 
quantity," besides the sulphate and carbonate of lime, mu- 
riate of soda, &c. It is quite certain, therefore, that this 
water is, for all ordinary purposes, impaired in its purity 
and value. 

297. Liverpool is situated partly on the side of the 
ridge of hills forming part of Everton, Edge-hill, &c., and 
partly on the crest of a minor elevation, the valley between 
the two having been the original streamlet or channel, 
which discharged into the old pool. The sub-stratum of about 
two-fifths of the city of Liverpool is clay. Along the banks 
of the intermediate valley the soil is chiefly a deposit of 
mud, with occasional beds of gravel, and in some parts 
irregular masses of rock. Between this valley and the 
southern and eastern boimdaries of the town, a mixture of 
yellow sand and rock is found in small thin beds, but gene- 
rally resting upon solid rock at an average depth of 15 ft. 
Liverpool is supplied with water by two public companies, 
one of which derives its supply from springs at Bootle, 
distant 3 miles from the town, and the other from wells in 
various parts of the town. These waters were analysed by 
Dr. Trail in 1825, and found to contain " muriate of soda 
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and of lime, the last in- very small quantity ; sulphate of 
soda, and possibly a minute quantity of sulphate of lime, 
carbonate of soda." ^ 

298. The town of Bilston has a declivity towards the 
brook called Bilston Brook, at its base, the fall being steep 
in the upper part of Jhe town, and gentle in the lower 
part. " The geological character of the country is that of 
the coal measures overlying the Wenlock limestone. The 
only peculiarity is the presence of porphyritic greenstone, 
and occasionally compact basalt. The soil of Bilston, where 
collieries have not been opened, has a preponderance of 
aluminous earth. The subsoil is generally brick earth. 
The sandstone is rather an important feature in the geology 
of Bilston, on account of its compactness and great thick- 
ness." The water for the town is chiefly supplied by a 
Waterworks Company, and, being collected by land-streams 
which flow over beds of limestone, becomes impregnated 
with lime, and thus acquires a considerable amount of 
hardness. 

299. NeWcastle-under-Lyne stands partly on the old red 
sandstone formation, and partly on a strong mine of clay 
which extends into the coal formation of the Pottery dis- 
trict. The water springing from the iformer formation is 
somewhat hard, containing a small portion of carbonate of 
lime. That from the clay is much more hard, from its 
greater quantity of this carbonate. 

300. Bath, which is built partly on the slope and lower 
part of a hill, rising from the right bank of the river Avon, 
where it forms a considerable bend round from east and 
west to north and south, stands upon the nearly horizontal 
beds of clays, limestones, sands, and sandstones, which 
constitute a portion of the series of rocks to which the 
term oolitic has been given — from the oolite or oviform 
grains in many of the limestones. From the interstratifi- 
cation of these different kinds of rocks, conditions for the 
occurrence of springs are numerous, and they are accord- 
ingly often met with, and from these the town is supplied 
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with -WBJbsf for 4oma8tiG purposes, These sprmgfii occiu i|t 
various elevations above the height of the river AvQ», from 
120 to 160 ft. The qualities of the water raised from th§ 
several wells vary acoordiog to the bed^ of limestones, 
elays, mai'ls, sands, &o., in which they are fqrmed, lu th§ 
alluvial ground, qn the right bank of th^ yiver and Ipwe? 
parts of the town, trees are sometimes met with in gre^t 
abimdaiiee, These lie beneath an alluvial red loam, about 
8 ft. thick, resting on gravel of about the same thickness, 
aud thin upon lia^ clay; The water where these trees ^t^ 
found is ftbuudsnt, but never good» Some qf the wells in 
the lias ftimisb tolerable water, but there $»<e examples of 
sinkings in it to a depth of 200 ft., from which no water 
has been obtained. The sections of many well^ -sunk i^ 
the neighbourhood of Bath show that the water i^ retained 
among the various beds of clays at great depths beneath 
the Great and Inferior Oolites, and produces springs by 
cropping out on the sides of the hills. 

301. While the topographical and geological character 
of the site of the town, and of Uie soil and sub-strata on 
which it stands, are the admitted guides as to the source 
or sources from which the town may be supplied with an 
adequate quantity of water of average goodness of quality, 
the criterion of quality as measured by radiative hardn^ 
must be allowed a prevailing consideration. Biver waters, 
rendered impure chiefly by organic, animal, a»d vegetable 
matters, are susceptible of improvement by methods of 
filtration j whereas waters derived directly from drainage or 
internal springs are comparatively pure in these respects, 
but, on the other hand, are charged in various degrees with 
earthy and mineral matters,- which at once render them less 
fitted for domestic purposes, and far less readily susceptible 
of purification. The economical results of the qualities of 
the water supplied to towns have been adverted to at some 
length in the first Part of the Rudimentary Treatise on 
Drainage, (Paragraphs 67, 68, and 59.) 

SOS), la concluding these remarks on the qualitiea of 



CHAimM, 87 

waters froiyi yarioua @Q^raes as subjects for consideration n; 
estimating their comparative value, WQ may usefully refe^ 
to the confirmatory evideqce supplied by analyses made 
upder the direction of tjie Superintending Inspectors to 
the General Board of Health, of the waters available in th^ 
several towns of Ohat^am, Uxbridge, Croydon, and Dartn 
fprd, ??eported upon by Mr. Kauger. Th^ analyses! wey§ 
made by Dr. Lyou Playfair, 

B03. Tbo water ^ow used in Chatham is obtained prin* 
cipally from surface draiuage ftom the upppr chalk, but it 
varies greatly in the degre^9 pf hardness. 4-dopting, as is 
presumed, tJ^e pani# measure of hardness as ttiat used by 
I)r. Clai'ki and explained in Part I. (58), tbe hardness of 
the surface water from nine places of collection varied from 
17° to B6°, tjae average of the uine being 97°, while the 
water of the Biver Medway has only 6^° of hardness. TWs! 
water, however, contains a large quantity of a yellow de- 
posit j and, comparing the qualities of all tbe waters, the 
Inspector recommended that the supply should he talceu 
from the Boxley Abbey Sgring, of which the hardness 
stands at 17°, TWp spring is ftbput 5 miles fjpxa the town, 
and the situation being backed by elevated ground an4 , 
considerably higher t^an any p(|rt to be* supplied, is pecui 
liai'ly adapted lor the construction of reservoirs and ^Iter- 
iug beds if required, The Report leads U3 to suppose that 
the reasons for preferring to bring water a distance of gva 
miles, while tbat Irom the river ia accessible to all parts of 
the town, is to avoid the expense of artificial raising pf th© 
latter. The relative hcirdness is, however, an item of great 
momenti and should receive full consideraQon. The de- 
posit remarl^ed in tbe river-watei^ occurs, there is no doubt, 
fr-pm earthy matters held partly m solutipii, wWph woul4 
be readily r^lUQvable by filtermg, 

a04. Uxbridge is now supplied with water from fpur 
public pumps, from wells, ^d by dipping from the brauch 
of the river Colne. The hardness; of the water from thrpQ 
tQwn pumps and two others varied frQW 80° 4q 5a°, the 
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average being nearly 36°. The hardness of the water from 
one of the Artesian wells was found to be 34° ; of that from 
two others 14^° and 16** respectively. From the small 
degree of hardness in these two latter waters, we might 
conjectxu'e some commmiication between these wells and 
the river Colne, the water of which has 16f°, but the 
Report does not remark on this circumstance. The In- 
spector advised that the adequate supply for the town 
should be derived from the river Colne, at a part which 
would be favourable for the construction of reservoirs, 
filtering beds, and other necessary works. 

305. The waters now supplied to the town of Croydon 
from springs and wells ai*e found to have an average hard- 
ness of 25i°. That from the river Wandle has 16°-1, and 
Dr. Clark reports than an expenditure of lib. of burnt 
lime will, by his ** lime-water softening process," suffice to 
purify 800 gallons of this water, reduce its hardness to 
3°*9, and ejBfect a saving of curd soap required to form a 
lather with 100 gallons of the water, of 24^ oz. The 
Inspector recommended the river Wandle as the most eli- 
gible source, from its contiguity to the town, the favourable 
quality of its water, and its sufficiency to afford the means 
for a supply upon tThe constant system. 

306. The town of Dartford is now supplied by wells and 
pumps, and dipping from the river Darent. The water 
from seven of these sources, excluding the river, has an 
average hardness of nearly 18°, while that from the river 
has only 13^°, and was recommended by the Inspector as 
being ^e most desirable for the supply of the town. 

307. The third consideration affecting the supply of 
water for towns is the relative expense at which this supply 
can be obtained. Springs and other sources of the less 
pure waters, are, doubtless, usually of more r^ady and eco- 
nomical adaptation than rivers. Upland streams and water- 
courses are generally applicable to some extent for supply- 
ing the adjacent parts of the town and suburbs, but the 
higher elevations frequently involve extra cost in forcing 
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water from these lower sources. With a great scarcity of 
records of the cost of works and conducting of the exist- 
ing arrangements for supplying water to towns, we are 
driven to form estimates which can only he assumed as 
approximate, hut will nevertheless suffice probably to indi- 
cate the relative economy of the several methods of supply 
which may be adopted. 

308. The main- items of cost of the supply of water to 
towns are: — 1, collecting; 3, scoring; 3, filtering; and, 4, 
conveying. If the supply be derived from surface-drainage 
or springs at superior level, so that no raising is required, 
the first of these items* will comprise the construction of 
open channels, aqueducts, or artificial rivers with tributary 
or catch-water drains where necessary. If the supply be 
derived from a river or other source at lower level, this 
item for collection must be understood to include the ex- 
pense of' raising the water and delivering it to the storing 
or filtering beds, with such constructions of channels or 
piping as may be necessary for that purpose. The storing 
places or impounding reservoirs for drainage waters ai'e 
sometimes so constructed as to answer also the purpose of 
filtration, and thus combine in one cost the items Nos. 2 
and 3. 

309. Mr. Kobert Thom, who has successfully supplied 
several towns with water collected from sm:face-drainage 
and natural collections or basins, considers it desirable that 
the reservoh's should be large enough to hold at least four 
months' supply of water, this being necessary to provide 
against the irregularities of supply of water obtained from 
these and similar sources. For the storing of water taken 
directly from rivers and other ample sources from which an 
abundant quantity can at all times be commanded, reser- 
voirs of less capacity are sufficient, and the first cost of 
construction is therefore reduced. The catch-water drains, 
in which the water is first received, are made to communi- 
cate either directly with the main reservoirs, or by the 
medium of aqueducts. From the main reservoir the water 
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is conveyed by another ch£«mel or arjueduct into giher 
reservoirs or regulating bftsjps ne^ to the towp, mA ^aoh 
pf tbem ^0 situated in elevation that the water fronii them 
shall rise ^bove the highest desired service, ^d of sueh 
capacity that each will contam epough for two m^^ d^§' 
supply of water for the towA, 

1^10. If the water cannot be delivered into the regulating 
basini^ at sufficient elevation, artificial power will of course 
be required to raise it from the natural to the dewe4 
height. From the regulating basins it is delivered intq twQ 
or more self-cleansing filters Ua before described, P^ I, 
paragraph 7^), md from these into two distributing bftsijxs, 
whence the water is earned through the street^ by a system 
of piping. Thus the town appliances are provided in 
duplicate, and the object of this is to enable one set pf 
apparatus to be coTistantly commanded, and each tq bf 
alternately cleai^sed or repaired when necessary, 

311, In pijr fifth Section of this Division we shall hav^ 
to enter into the detftil§ o? apparatus for conveying and 
distribiiting water, Our present purpose is to enumerate 
the general varieties of arrangements required according to 
the source from which the supply is derived, 

313. The increased expense incurred in the formfition 
pf laj'ge reservoirs tP hold a supply for a Ipftg period, such 
f^s four months, is certainly great, but pot so when com* 
pared with the first qpst pf machinery mi enrrent ex* 
pensea of raising water from rivers and sources of low 
elevation, The upper govp-ces of ppriqgs mi drai?iager 
waters are, moreover, applicable in some paaes where th§ 
others are inac(Jessible, or rendered sp practically by th^ 
great distance a^d low elevation from which river-water 
ca^ alone be ponyeyed and raised, The cost pf construpt* 
iog reservoirs may be estimated at aboijt three-pence per 
cube yard on an average, if uo extraordinary difficulties or 
expensive worlds ai'e required. With reference to reservoirs 
as proportioned in capacity tp the number pf houses o? 
p^^QUijI supplied, the following particulars mey b§ waeftiUy 
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eitsdf i^afeirmg to tlie Qpar9,tiQns in seven pf the larga towns 
in Lanpasjaire, and yepprted upon \>y Dr. J^yon Pl^yfair :— 
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Number 


Number 


eapaclty 


VQurg 


ipove 


Tow^s. 


pf Hou8e3 
in Town 


pf Homes 
or Tenants 


of Reservoir 
in Gallons. 












in m-. 


SuppM. 




Parts^f 
Town. 


Parts of 
Towi^ 


Manchester , ) 
Salford . . . ) 


67,238 


30,000 


( 2,000,000 
849,860,000 





122 


FregtoB. . , 


0,984 


5,026 


50,000,000 


36 


160 


Bufjjr . . . 


5,260 


2,980 


4,181,760 


60 


130 


AshW.^*. . 


4,700 


4,000 


100,000,000 


200 


260 


Bochdale . . 


8,266 


2,800 


22,781,258 


6 


96 


Oidhimi . . 


8^220 


0,620 


8Ai0P0,000 


§0 


300 



The fi^,pa,eity and pi^pense of reservoirs for drainage qr 
siirface-cpUeoted w^ter will of cpqrse bp regulated witb ft 
,view not pnly to tha want§ of the population, pn the onp 
hand, but alsp with reference to ^e extent of surfaoe to 
be drained, and probable quantity which wijl thus accu- 
mulate. Frpni some statements given in the Jleport by 
Mr. Homerpbam, befpre quoted frpwi VP may present thp 
following figures irr^ 



If ames and SltuaUon of Reservoirs. 


qpntent^ 

RaWFTolrs. 


Area of 
Drainaffe 
QWWd. 


fer Apre 

of 

Am. 


Turton and Entwistle He»ervoir, 14 

miles N.W. of Manchesteif , . . 
n«lmont Keserfqir, J4 nijleff N.W. 

of Manchester 

Bolton Waterworks Beseifoir, 4 

miles W. of Bolton 

Ashton Waterworks Beservoir, IJ 

mile N.B. of Ashjon .... 
0hemeld Wfttefworks— 

Admires Beservoir , , , , , 

Mew da. do. . . . • . 


Cubic feet, 
lpO,OQ0,OOO 
78,000,000 
22,471,910 
14,486,897 
30,000,000 
22,000,000 


Acres. 

aosi) 

1796 
595 
878 

1 912 


Cubic feet, 
49,;iQ 
48,480 

37,767 

88,453 

3^,894 
Total. 
57,0iJO 



02 PAISLEY FILTERS. 

The aqueducts for passing a supply -of SO gallons per diem 
for each individual of a population of 600,000 may be esti- 
mated' at from 4:001. to 6002. per mile, according to the 
ruggedness of the ground and other items of expense. 
The cost of filters upon the self- cleansing principle will 
average from 6000Z. to 8000^ to supply the same quantify. 
That constructed by Mr. Thom at Paisley, which produces 
regularly every 24 hours a quantity equal to 106,632 cubic 
feet of pure water, cost about 6002. , and he estimates that 
the expense of a filter " to give a supply of water of the 
best quality for family purposes y to a town of 50,000 inhabit- 
ants, may be safely taken at 8002." This supply, however, 
allows only 13 gallons to each individual. We prefer 
allowing a minimum of 20 gallons, as already estimated. 
Adopting the facts stated by Mr. Thom, as experienced in 
supplying four towns in Scotland, viz., Greenock, Paisley, 
Ayr, and Campbelltown, which are served by his system, 
but allowing the greater quantity stated, to each individual, 
and assuming the cost to increase in the same proportion, 
we find that the average annual expense per person will 
amount to no more that eight-pence, that is, for a regular 
daily supply of 20 gallons of good spring-water throughout 
the year. This expense includes wear and tear of appara- 
tus, charge for superintendence, &c., and 5 per cent, per 
annum upon the capital employed. In the towns here re- 
ferred to there is such declivity that allows of high reser- 
voirs and constant high service to the buildings without 
any expenditure for power. Mr. Thom states that the cost 
for apparatus for the smallest of these towns, Campbell- 
town, of 7000 inhabitants, amounted to about 25002. ; or 
say 3800/., being about 10*85 shillings to provide for the 
daily allowance per individual of 20 gallons instead of 13 
gallons. 

313. At Nottingham, about 8000 houses, or 35,000 inha- 
bitants, are supplied with water raised from the river Trent 
by a Waterworks Company. The actual supply is found to 
amount daily to between 80 and 90 gallons per house on 
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an average, including breweries, dye-works, steam-engines, 
inns, and other places of large consumption. The levels 
of different parts of the town vary, perhaps, 80 ft., and the 
water pumped up from the river is raised above the town, 
so that an average pressure of 80 ft. is maintained, the 
greatest pressure being about 120 ft. The water is drawn 
from the river into a reservoir formed on its banks, and ex- 
cavated in a stratum of clean gravel and sand, through 
which the water percolates to a distance of 150 ft. from the 
river. Besides the filtration which thus naturally occurs, 
the water is still further clarified by passing through a tun- 
nel 4 ft. in diameter, which is laid through a similar stratum 
for a considerable distance up the adjacent lands, and con- 
structed of bricks, without mortar or cement. The expen- 
diture for the supply of these 8000 houses amounts to about 
30,000^, and the average annual charge per house is about 
7s. 6d., the water being suppUed at any level required, even 
into the attics of four- or five- story buildings. The average 
daily allowance to each individual supplied is here equal to ' 
about 20 gallons ; and reducing the total expenditure and 
the annual charge per house to an original cost and current 
expense per individual, as we have done in reference to the 
four towns supplied by reservoirs and aqueducts from sur- 
face collections and higher springs, we shall find the two 
items stand thus: — original cost per individual, 17*14 shil-' 
lings ; current expense per individual per annum, including 
per centage on capital, &c.. Is. 8d. The comparative state- 
ment for the four Scotch towns and for Nottingham will, 
therefore, be this per head of the population supplied : — . 

Original * Current 

cost of appa- annual 

ratus, &c. expense. 
Scotch towns supplied with drainage- and s, d, 

spnng-waier 10*85 8 

Nottingham supplied with river-wafer , 17*14 20 

The qualities of the waters, their comparative hardness, &c., 
should be fully known and duly estimated as items in the 
relative economy of the two soiuxes. 
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314. Tot the supply of some towns it will bd found d6- 
Bii'able to combine the two sources, namely, A rivet — ^and 
springs, or perhaps upper Sti^erttns, which, flowing from 
lands much higher than the general level of the river, pre- 
serve a greater elevation, aiid tnajr thus be applied to fur- 
nish the higher parts of the town, and effect a jtidieious 
economy of ttrtificial pdWer in talsiflg the required cttian- 
tity- 

81&. The expense of public filtering 6f water ha& already 
been statedj Part I., p. 68 and 67, as varying from about 
»000 to 0000 gallons per penny. An average rat^ of 6000 
gftlloti^ may be safely assumed as the quantity wliich can 
be filtered at an expense of one penliy. The annual ex- 
pense of filtering tiie supply for each ihdividual of the 
population thus appears to average Only l*iJ penny. This 
calculation is quite conclusive as to the superior economy 
of public otdr private fllteritig^ since no Separate house 
apparatus for this purpose can possibly be maintained in 

* working order at this insignificant rate of expense. 

816. The public filtering of water, before distributing it 
into the mains and service pipes by which the streetig and 
builduags of a town are supplied, is, however, palpably in- 
sufficient to secure purity in the water as used by the inha- 
bitants, if the quantity foir each house be received and 

• stored in a separate tank or cistern, which is seldom or 
never emptied or cleansed. In these receptacles the minute 
impurities brought in with each day's supply accumulate 
into a mass of growing foulness, stirred up hy the daily 
delivery, and undergoing constant decomposition, and thus 
contaminsrting the entire contents of the cistern and every 
pint of water which is drawn from it. This consideration, 
which may be confirmed by Volumes of evidence, but is too 
palpable to require proof, leads to the desirability of dis- 
pensing with these separate household accumulations of 
water, .by providing a constant supply in the mains and 
service pipes, so that any required quantity may be at all 
times instantly commanded. The supply rendered by the 
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Tl*ent Waterwetfks Company to the town 6f Nottingbairi, 
and before referfed ioi is mdlntained upon this principle,, 
the sevei^ advantages of ^hlcb have been pointed out bjr 
the engineer to the ivorks, Mr. Hawkesley, and ^ince 
adopted as a general rule in the recommendations of the 
Superintending Inspectors to the General Board Of Health. 
817. The superiority of the constant serrice principle of 
the supply of water to towns over the occasional or hiter- 
inittent principld is ndt greatctr in the comparative purity of 
the Water thus obtained fot the current use of the persons 
feupplled than It k in the economy of the supply. Thd 
first cost of cisterns or tankd, with all the expcjnsive tod in* 
efficient paraphemftlia Of ball-cocks, Waste-pipes, Ac, ftc, 
is entirely obviated by keeping the mains, service and com- 
munication pipes always charged. It is well known that 
the due care and cleansing of the house-receptacles for 
water, whether tanks, cisterns, or butts, are greatly neglected, 
especially among those classes who are actively and inces- 
santly engaged in their business or dally labours, and Who 
are equally unable to command the services of others for 
such purposes. These receptacles are often imperfectly 
constructed and covered, open to the entrance of soot, dust, 
and dirt of all kinds, frequently exposed to the action of 
the sun, and neglected when repairs become indispensable. 
If these separate and inefficient means are superseded by 
keeping the water-pipes constantly charged, one large reser- 
voir suffices for a whole town, or extended section of one, 
and this one reservoir may be so devised, constructed, and 
managed, that the combined supply shall be always main- 
tained and delivered in the best possible condition. The 
economy of the system here advocated arises in many 
•ways. The spaces occupied by the house-tanks are saved, 
and the damp which always arises from the evaporation of 
bodies of water is avoided, besides preventing accidents, 
leakage, and the occasional inconvenience of finding the 
cistern empty, Or its contents reduced to a few inches in 
depth of foul mud. Another source of economy is the re- 
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duction in the sizes of main and service-pipes required, as 
the delivery is distributed over a longer period than by the 
intermittent supply, which limits the actual delivery for 
present and prospective purposes to a few hours, or some 
still shorter extent of time. Added to this diminution in 
the sizes of pipes permitted by the constant supply is the 
(act of their non-liability to be bm-st by the sudden gush of 
water which compresses the air within the pipes with a 
force which the strength even of iron cannot resist. The 
alternate absence and presence of water within them, more- 
over, hastens their corrosion, as it has been foimd that 
much oxide of iron accumulates in them under these cir- 
cumstances. And beyond these advantages, the constant 
supply system possesses the further one of immense eco- 
nomy in m£tnagement. It is found at Nottingham that one 
experienced man and one lad are sufficient to manage the 
distribution of the supply to about 8000 tenements, and 
keep all the distributory works, including cocks, main and 
service-pipes, &c., in perfect repair. Under the intermit- 
tent supply system, a numerous staff of assistants would 
be required to discharge similar duties. 

318. The "Commissioners of Enquiry into the state of 
large Towns" have quoted a statement to the following 
effect : — That the expense of machinery or capital invested 
in the aiTangements. for supplying the metr6polis with 
water, exclusive of the communication pipes to tlie houses, 
the tenants* water-butts, tanks, &c., amounts to 3,310,342/., 
or about 3Z. per individual supplied ; that the annual in- 
come is 276,243Z., and the expenditure 133,724/., leaving a 
balance which is equal to an average dividend of 4 per 
cent. The income from each individual supplied would 
thus appear to be somewhere about 55. annually. Now, 
the metropolis is supplied mainly from the river Thames, 
the river Lea, and the New Kiver, from a spring at AmweU. 
In the year 1843, the entire supply was furnished by nine 
companies, the names of which, and the sources of their 
water, were as follows : — 
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Coftipanies. 




Sources of Water. 


Chelsea . . . . 


. Eiver Thames. 


West Middlesex . 


. Do. 


do. 


Grand Junction . 


. . Do. 


do. 


Sauthwark . , 


, Do. 


do. 


Lambeth . . , 


. . Do. 


do. 


Vauxhall . . , 


. Do. 


do. 


East London. . . 


. Biver Lea. 


New Eiver . . 


. Amwell and Eiver Lea 


Hampstead . . . 


m Springs on Hampstead Hill. 



The cost of construction for the water-supply at Notting- 
ham, as already stated paragraph 813), is between 17s. and 
18«., and the expense attendant on the supply of water and 
management of the works amoimts to about 44 per cent, 
on the income, which wiU be found somewhat less than the 
proportion of the like expense in London. The expenses 
both of formation of works and of current supply are evi- 
dently controlled to a considerable extent by the natural 
facilities for the former, and by the distance from which 
the water has to be conveyed and the height necessary to 
raise it. The expense to individuals must, of course, be 
also liable to be affected by the proximity, or otherwise, of 
the several tenants to be supplied. 

319. Another principle to bB observed in conjunction 
with that of constant service of water is^ that it shall be 
delivered from such an elevation, or with such a pressure, 
that the service may take place at least 20 ft. higher than 
the tops of the highest houses to be supplied. The vast 
ultimate economy and value of this provision are cheaply 
bought by the additional expense involved in the works, 
and current cost for making it. The experience of the 
Trent Water Company in supplying the town of Notting- 
ham from the river Trent has shown that the expense of 
raising and delivering the water 50 ft. higher than at pre- 
sent would amount to only 5 or 6 per cent, additional upon 
the present cost. On the other hand, the advantages of this 
hig^ service are too great to be easily calculable, saving, as 

F 
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it does,' all the expenses of force-pumps or blhet separate 
apparatus for luisittg the w&.ter from the Ipwef flobl-S, and 
affording means df supplying baths 'and other accessories 
of cleanliness, health, and comfort, to all parts of each 
house without restriction, labotu*, or cost. ^The tdtal ex- 
penses of suppl}^ing wate^ in the town referred to, With all 
tlie benefits of constant and high service, iiicludlng wear 
and tear of engines, interest on capital for tnachlhery and 
distributing pipes, expenses of management, &c., aihount 
to 2 -88 peace per thousand gallons. 

820. The value of consttot and high service of water to 
towns ife etfihingly important in its^ application for the ex- 
tinctioh of fires, and for the occasional washing of streets, 
and cooling them by jets of \vater in warm seasofas and 
times of drought. The bearing of these piitposiSs upofa 
the preservation of life and properly, and the promollOtt of 
health and comfort, is too evident to need much illustra- 
tion, although the details of the arrangements will ckiin, 
on account of their extended utility, some notice in our 
fifth section, which will be devoted to a brief account of 
all the essential apparatus for carrying these principles intb 
practice. 

321. Finally, let us recount the leading objects to b^ 
kept in view in the suppfying of water to towns : — First, 
that the stipply shall be ample in quahtity for all the pur- 
poses of personal and domestic cleansing ; for the public 
purposes of supplying baths, fountains, and gardens ; for 
the extinction of fires, the thorough cleansing of streets 
and thoroughfares, and the occasional cooling of them in 
dry seasons, and for all such manufacturing purposes as 
may be required or permitted Within towns. 

Secondly, that this abutidant supply should be procin-ed 
of the best possible quality for the several uses to be made 
of it. That, if several sources are available at various rates 
of expensiveness, the economy of any one of them as com- 
pared with another, or others, is to be duly estimated, with 
a goveiming reference to the quality of the Watei* so de- 
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rivd,Wel Sud tJiat the question of adopting an inferior 
water shall be affirmed only in cases where the expense of 
the better quality amounts to a practical impossibility, 
l" hat, besides the alw£tys recognised impurities of an animal 
and vegetable character, and those held in mechanical sus- 
pension only, with which some waters are usually ajdul- 
terated, there iare others of a soluble nature, which are 
consequently commonly imperceptible except to chemical 
analysis, but die presence of which deteriorates the quality 
of water in a high degree, and occasions a necessity for 
chemical processes to purify it, mere filtering being utterly 
inoperative for the purpose. That, generally, these soluble 
matters are found in spring- and drainage-waters in far 
larger proportion than in river-waters, which are more sus- 
ceptible of being purified by a process of self-filtration, 
and are, therefore, commonly preferable for most purposes 
to waters of the former character. That the expense of 
raising river-water by steam-pumping is really very small, 
and unworthy of consideration, although often regarded as 
a weighty argument in favour of seeking the required sup- 
ply from districts of land from whicli the water descends by 
gravity, ^athout artificial aid. 

And, thirdly^ that the complete utility and greatest ulti- 
mate economy of the supply of water to towns can be 
realised only by a service of it which is constant in dtu-ation, 
and sufficiently high to discharge over the highest buildings 
in the tovm. 



eficf iOit III. 

Width and Direction of Boads and Streets. — Sabstrueture and Sai&ee.->. 
Pacing and Street Cleansing. 

3S2. The drainage and cleansing of the roads^ streets, 
and thoroughfares of a town are acknowledged to be public 
purposes of the highest utility. The facility of effecting 
these purposes is dependent upon the several circumstances. 
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of the dimensions and situation, and the sub- and super- 
structure of the thoroughfare. The width of the streets is 
influential in admitting or preventing the access of air and 
winds, by which the wholesomeness of their condition is 
largely affected; and also in rendering the process of 
cleansing by hand or other labour easy or difficult. The 
direction of roads and streets — vertically in their relative 
levels and inclinations, and, laterally, in their coincidence 
with or opposition to the courses of the prevalent winds — 
is a condition of great importance in affecting the facility 
and economy of the processes of drainage and cleansing. 
And the relative dampness and dryness and quantity of 
debris produced upon any public thoroughfare are mainly 
attributable to its construction in the subsoil, and superfi- 
cial fonnation. 

323. Comets and narrow passages, such as abound in 
most towns — relics of public ignorance and private cupidity, 
destined to be destroyed in the progress of enlightened 
sanatory reformation — ^limited in width and bounded by 
elevated buildings, never receive their due share of light, 
air, or water, and thus present the greatest combination of 
difficulties to the vital processes of drainage and cleansing 
And these purposes can never be economically^ and effi- 
ciently fulfilled until a minimum of width and a maximum 
of height^ of buildings are recognised as the elements of 
street proportion. The recorded and repeated evidence on 
this point is more than enough to establish the general 
principle, although the precision of the details requires ob- 
servations of a more exact nature than have yet been made 
It is certain, however, that no street should be less in width 
than the height of the buildings on either side of it — ^that 
is, that the angle formed by the transverse surface of the 
street, with a line from its extremity on one side to the 
summit of the buildings on the other, should never exceed 
45°. And in proportion as this angle can be reduced will 
be the facility afforded for the desirable operation of the 
fdr and of such rain as may fall 
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324. Provided this principle be strictly observed, the 
coinpai*ative declivity of the surface will become of minor 
importance. Certainly, the greater the declivity the more 
rapid and eflfective will be the action of rains in cleansing 
and washing do\\Ti the debris upon the surface of the 
street ; but it should be the peculiar province of the sub- 
terranean sewers constructed beneath, to compensate for the 
relative flatness of the surface, by affording a channel of 
artificial declivity, that shall at all times free the surface 
from these matters as quickly and^ effectually as possible. 

325. Connected with the subject of road drainage as ap- 
plicable in the suburban parts of a town, the necessity of 
providing covered drains cannot be too rigorously enforced. 
Open road ditches are known to become receptacles for 
filth and refuse matters of various kinds, and the trouble 
and expense of cleansing and keeping them in repair, in- 
volving a constant making-up of the banks and clearing of 
the beds, are commonly evaded by a total neglect, which 
leads to a stoppage of the channels and a constant expo- 
sure of decomposing matters, both offensive to the senses 
and injurious to health. These roadside ditches are fre- 
quently, moreover, adopted as the only available channels 
for dispersing the sewage of the suburban buildings ; and 
being thus converted into open sewers with little or no 
attempt at formation, and very little care in preserving even 
their original rude foim and capacity, the evils of retaining 
them are multiplied to a degree actually dangerous to the 
health of the inhabitants and of passengers. 

326. Added to the inefficiency of open road drcdns or 
ditches is the waste of surface which they involve. Pedes- 
trians in the suburbs of towns know well that of a narrow 
road nearly one-half the width is frequently occupied by a 
wide and sluggish ditch, and that, in the absence of any 
raised foot-path, they are frequently driven to a dangerous 
proximity to its foulness in order to escape destruction by 
the heedless and perhaps drunken drivers of vehicles. If 
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these ditches were covered ^d conyerted into Emotive sewers 
by the use of pipe-tiles, of coii^parj^tiyely sm^ ^i yet 
ample 4iniensions, space -vypuld l).e afforded for th^ i9jnx%- 
tion of convenient footpaths oi^ which ^ ^yaJk W)ujcl beppflap 
a liu^ury instead of being a t?.sk of danger f^n4 apfio^apce. 
Those who have " picjced theiy wfiy " £(.lQPg the iwp^ve- 
n^ented strados of Ppme, and ppfttra^ted tb^Ri with tb^ 
easy security of §on^§ of the sipailarly p£^rrQ\v streets Qf our 
owp metropolis, will readily ^pprepiate the. value of the 
change which might te tlius pfee^plj^ eflfe^ted ift Our sub- 
urban rp&4ways. 

337: The quantity of ^urf^ae ^^^t^4 fcy tb^ Op^n VQstd 
ditches, and ^Q pprrespppdiftg area thus exposed for tb§ 
evaporation of stagnant mpisti^re, PRay b^ F^adUy calcu- 
lated from the dim^nsioiis of the ^itoix. It «iay \jt^ safely 
assumed that for ^acb fflilp of road, at least half a^ acre. q{ 
surface is thus, on an av^rag^,. wisapplie4- 

338. The position of t^e m^^in ^e\vm of a tovp^ heipg 
beneath and in thp gaipp direction a^ its ^treet^, $hew 
afford the projfer chcdnn^h jqt (fisQliar^n^ tbe wa^t^. ^a^^ (m(i 
all other matters from the mrfofiq of ih^ ^t^^ets. Thi'5 doctiifte 
is liable to be chaUepged by aU tho^e practical ecopomist^ 
who contend that street debris is go injurious in its adpai^- 
ture with the excrementitious matters flowing from a town, 
that it should be scrupulously kept separate* apd perift4- 
ically removed by hand a^d horse latjour above grov»n4- 
But if we take into the accowt, on pne hand, ijie spaa^l p?"^^ 
portion which the solid part pf this debris h^ars tQ th^ 
total of solid an4 liquid e^^c^-pipents, bouse ypfu^e, §ti^et 
drainage, waters, &c., which are universally allpwed tp h^ 
the proper subjects of sewer di^pharge, and, QX^ the ptb^, 
form a due estiniatp of the inconvenie]|;^qe, expensp, an4 
disgusting ai^noyancp of removing thi^ street rf^fuse by 
any expedient abpye ground, the result of th§ calculatipft 
will lead, ve think, irresistibly tp the cp^vjptipn that the 
whole pf Ihesp^ matters should be by the readiest pogfpiibte 
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methods 4divpred into the sewei^i, ftnd by ti;em ooi^yeyed 
1^^ once tQ j?0aeptacl0a suit?^bl^ fay their poUectiQ^ ^nd 
treatment- 

829. The ^^ct pyoportipn between tbe solid street yefus^ 
and tha total of bpuge-sew^ge ^nd ^treetrdrainftge (^hicb 
may be supposed to find its wfty unavoidable into the 
sewers) is difficult to determine ^itb any certainty ap- 
proaching tQ eifftctness, but m approximate estimate may 
be formed from sucb materials ^s we cwi cpmraapd. The 
ei^crementitipu^ mfttteys pi-oduced by each individual are 
g^nerallj considered to ^mowut to ^n annu^} quantity equal 
to one top in weigbt* and tbe otber matters wbicb ftre com- 
prised in tbe total of house-sewage and street-drainage, 
m^y ba supposed equal to a similar quantity. We have 
tbns a total equal tq two tons annually per head of the po- 
pulation. IJow, in the township of Manchester, of which 
the population in 1841 was }64,00Q, the number of yard^ 
of street-surface swept in the same year was 2li5Q0,000, 
ftnd tbe number of loads of these sweepings removed 
equalled 25,029, et^ch of which is equal to ^ weight of one 
ton. Assuming the proportion between the population fti^d 
street-surface of this township to be ^ fair average for most 
towns, we have thusf a total of house-sewage ^d street- 
drftinage equ^ tq 164,000 x 8 = 328,000 tpns, andatotel 
of street-sweeping* equal to 85,029 tons, being ijth of the 
former, or less Ihw 7-7 per cent. This rough calculation 
will he quite sufficient to show the small propprtion in 
whioh the manuring vfdue pf the sewage is lifi^ble to be 
jl\jured by the fi-dmixture with it of the street debris in th^ 
common receptacles or sewers, ^d the consequent inftdvi-, 
sfthility pf engagmg in the expensive oper^tioj^s of parting 
and removing this debris by any comhinftUon of human 
md mm^\ labpur. 

830. Arrangements fpr the purpose pf discharging thp 
street surfepe-drainage into any cpntiguous river or other 
WftterfiPUr*®! ipstead qf allowing it to miugle with the 
^f)WAgi if\ the receiving wells or receptacles to n^hich ^he^ 
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are both conducted by the sewers, may, if thought neces- 
sary, be provided as accessory apparatus in connection with 
the wells, although it is highly probable that the growth of 
our experience on this subject will develop preferable me- 
thods of treating and disposing of these matters by subsi- 
dence and chemical processes. 

331. The amount of street debris, or the quantity remo- 
vable from any extent of surface, is found to vary most ma- 
terially, according to the structure of the street or roadway. 
Thus, roads formed of broken granite or other similar ma- 
terials are rapidly destroyed by the action of wet, which 
loosens the superficial coating of the road, and passes into 
the body of the materials ; the finer particles also become 
washed upon the surface, and act as sand in grinding 
it down, by the action of the wheels upon it. Paving 
formed with stones of irregular shapes and sizes is also 
productive of a large quantity of debris, although less than 
the unpaved surfaces just referred to ; upon this inferior 
class of paving, water acts destructively by washing up the 
soil and dirt between the stones, by which they become 
loosened, while a great proportion of these interposed ma- 
terials have to be removed as they appear upon the surface 
in the form of mud. Pitch-paving formed with squared 
blocks of granite, whin, or other stone of equal hardness 
and durability set in luue grouting upon a substantial 
foundation of concrete 9 to 18 in. in thickness, according 
to the nature of the sub-stratum, forms the most permanent 
construction for the carriage-ways of streets and thorough- 
fares, and affords a correspondingly small proportion of 
materials to be removed from the surface, in order to pre- 
serve its cleanliness. Wood-paving yields the minimum of 
debris, and its economy, as a subject for the labours of the 
scavenger, at any rate, is thus very great, as compared even 
with the most perfect fomi of stone-paving. 

832. By making the sewers thus directly available for one 
of their proper purposes, that of receiving the waste mat. 
ters from the streets and thoroughfares, the operation of 
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street-cleansmg is reduced to mere sweeping of these mat- 
ters to the side chamiels, which should he constructed so as 
to afiford a ready passage for them to the sewers heneath. 
The economy thus obtained by dispensing with the raising 
and carting to distances sometimes extended may be inferred 
from the fact, that the average expense of sweeping and 
carting away the refuse of 1000 square yards (in Manches- 
ter) in 1843 was 4:8. Qd. This was performed by the ordi- 
nary hand labourers or sweepers. In London, at the same 
date, the mere sweeping up of the refuse from the surface of 
Regent Street, and depositing it in tlie street in loads for 
another process of removal, was charged at the rate of 
Is. 2d. per 1000 square yards, as executed by Whitworth's 
patent machine. The mere sweeping T[i2i,y be liberally esti- 
mated to cost Od. for the same extent of surface, and 
thus iths of the entire expense of street-cleansing might 
be avoided by adopting the sewers for the purpose sug- 
gested. 

333. Although we advocate the abandonment of all appa- 
ratus for carting and removing street-refuse, it may be use- 
ful to describe briefly the " Patent Street-Cleansing Ma- 
chine," invented by Mr. Joseph Whitworth, which has been 
apphed to a considerable extent in Manchester and else- 
where, and been considered a very promising contrivance. 
This will be best done by quoting the inventor's own 
description of his machine, as rendered in evidence before 
the "Commissioners of Inquiry into the State of Large 
Towns and Populous Districts," in 1843. " The principle 
of the invention consists in employing the rotary motion of 
wheels moved by horse or other power, to raise the loose soil 
from the surface of the ground, and deposit it in a vehicle 
attached. The apparatus for this purpose consists of a 
series of brooms suspended from a light frame of wrought 
iron, hung behind a common cart, the body of which is 
placed near the groimd for greater facility in loading. As 
the cart-wheels revolve, the brooms successively sweep the 
surface of the ground, and carry the soil up an incline 

p 8. 
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or ^arrier-plate, at the top of \i?)iicb it i^\U iptet 1^6 l^od^F of 
the p£nt. Tbe appvtttua is extren^ely simple in coii^struc- 
tion, ai;4 b£^s 1)0 t^dency to get out of ord^, qor i? it 
baWe to mftteri^l i?\)wry from acpidfint. Au ifldig^to?, 
attached to tbe sweeping apparatpSi §bowfi tbe ^tept 9$ 
surface swept dmrn^g i\i^ day, a{)4 ^cts aai ft useful cbecfc o^ 
the drive?. It ^Iso affords the opportunity of working the 
Wiaobiue over ft given quftntity of ^urfftee, The fiverage 
rate pf effectual scftveugeriqg by hap4 in Man^sb^ster, taken 
for a whole year, is frow 1000 to 15Q0 eqnftve yarda rf ^Wh 
face daily for each scavenger. The manper of aw^^ping bl 
different in London, and therefore an apparently large? 
amou^i; of work is done, hut not so effectu^ly. When the 
iQftcbine is in operation, the horse going only %k inil§^ per 
hour, it sweeps during that time 400Q square yards ; ^us 
performing in a quarter of an hour nearly the day's* work 
of one man. The average amonnt pf surface wbiob can 
be swept hy a machine during the day depends upon tb§ 
distance of the places pf deposit, tn Manchest^ we bftve 
seven plapes pf deposit, and the average ninnber of yards 
swept daily, by a machine drawn by pnp borse, is froift 
]MQ0tQJi4,000.'» 
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Kqn Sewers; Froporlions ^pd DiqieQsioDs, |ncliqatipQ(|| Fonpii, a^4 Oq{(. 
ftruct|qn. — Upper and Lower Connections. — gleans of Accey and Clean|; 
ing. — Adaptation for S|reet-cleansing, &c, 

334, Jn drainage, as in many oth^r Pnlgepta, contrpversgf 
has frequently been foun4 to be excited upp^^ tboa^ yeiy 
detaila of the art which appear to be the most simple a^A 
the n^ost readily de4vicible frona observation, while the 
proper ground for discussion, vf\ wbipb it is really urgently 
needed, in order tp 4etermme general principles and ^f^^ 
out leading rul^9. has been left nearly or quit^ unQc^ypied? 
Thus the fomis, si?es, an4 thicHness^si pf sew^ haya f «• 



^^iY04 the |i^€st e}A][)0rfi,te invegitigatiop, and pK>yQk64 t]i0 
expregsiQi) pf the i^ost wid^ly-diff^r-iwg opipians ; while the 
priqeiples of ftyrangement accoydipg to wWoh the entire 
system should b^ laid out, a^d the great; questions qf tJ^e 
lUQslheftUhM and eco^oiuical disposal of the T^fuise of tQw«# 
have, tilHately, reca«ii?^ed wftQugbt aftd uua^ked. Mided 
by ail iiaatiuctive adaption of the worlds of ou? forefather 
we have heeu pontent tp huUd Qur sewera \n aid chaui^elSi 
and to put pfttoh upw pat^h-^ftdd lepgth to length of slugi 
gish sewer or praotical cesspool, m order to maiutain au? 
cjeut autfalls, while tlie subsidiary details^ ef form and 
eapacity have heconie the vexed questipus ^nd grqunds of - 
issue apei^ the n^oat practiced advisers. 

^^^, J^ot that the attention givep ta the details, mi fee 
negleet inllieted upon the general priuoiples are here een- 
trasted foy the purpose pf denyipg the iippoytance af the 
formev> but that, had the principles been first deteripiued, 
the details would be fouud ^ej^dily deducihle froni thepa \n 
a planner aud with » cei-titude aduiittiug little dispute 0$ 

discussiuu. 

836. We h^ve ftbeady, iu the first section of this Divi-: 

slop, shown the general ppnciples upon whiph the drainage 
of towns should be arranged with reference to the inoiinar 
tiqns of surface, and the means of discharging and dispes-? 
ipgf (4 the sewage, From these principles it impiediately 
fpllQws that the proper functions of sowers are twofold, and 

iW^oM only, viz., the conveyance and qolleption pf hpuse? 
drfiinagf^ and of street-drainage. In the forpaer are to be 
ineluded the drainings of roofs of huildings and nf yar-ds. 
qr pthar spaees attached to them. Jn these two purposea 
is thus ecunprised the superficial drainage pf each entire 
tpwp. Any attepapt to add to this the drainage of the suh- 
farn^ation is a mistaken and a supererogatory aim. This 
position will be denied byjhosewho advocate the mi4^YT 
dfnir^i^f^ pf London as ope of the purposes of it^ sewerage. 
Let m epdeavpur to understand the praetieal value of this 
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purpose, and thence deduce the infinitely small amount 
that wotild be mis-spent in any attempt to realise it. If 
the proper functions of sewers be effectually dischai^ed, 
viz., the conveyance away &om a town of all the rain-water 
that falls upon its surface, and of all the solid and liquid 
refuse produced in streets and buildings, what wiU be the 
amount of submoisture which it can be necessary or de- 
sirable to abstract in the form of land-drainage? The 
entire surface being midntained constantly dry, the only 
sources from which under-water can arise will be springs 
or water-bearing strata beneath, and wherever these may 
show themselves, they can be turned to good account, and 
the water they yield converted to useful purposes, without 
m«idng expensive provision for their drainage beneath. 
Whatever relation the site of a town may have to the sur- 
rounding country, that is to say, whether the town be above 
or below the lands around, or be on a similar level, none of 
the drainage- water from these lands should be permitted to 
enter the town or to mingle with the soil beneath it. This 
is to be effected by constructing around the town a system 
of encircling catdi-water drains, by which so much of the 
surrounding drainage as would otherwise find its way into 
the subsoil of the town wiU be intercepted and collected, 
either to be returned by suitable channels to the rivers, 
streams, and watercourses, to be made available in irriga- 
ting adjacent districts, or diverted directly from the catch- 
water drains into the main sewers of the town itself, and 
disposed of with their contents. With this auxiliary ar- 
rangement for preventing the access of surrounding drain- 
age to the sub-formation of the tpwn, all necessary provi- 
sion for maintaining it in a dry and healthy condition will 
be completed, and no necessity can possibly arise for con- 
structing a duplicate system of sewers in order to drain 
the subsoil of the town. With all due deference to official 
experience, we venture to predict that, if ever tried, the 
*' system of permeable land-drains and sewers,** as a sepa- 



DIMENSIONS OF SEWERS. 109 

rate addition to the " system of permeable drains for house 
and soil drainage," will be found as utterly useless in prac- 
tice as it wiU be expensive in construction. 

337. The proportions, dmiensions, inclinations, forms, 
and construction of main and all other sewers, are all 'more 
or less affected and determinable by the general system of 
drainage adopted. We will first cull from the mass of re- 
corded experience at our command (up to the year 1843) 
some detailed particulars of modes of construction (and 
their cost), many of which have been found inefficient in 
fulfilling the self discharge of the sewage matters of London 
and other towns in England. 

. 338. The experience in the city of London led the sur- 
Teyor to the Commissioners of Sewers to consider that tke 
form of a semicircular top and bottom, with sti*aight' (or 
vertical) sides, " answered all the conditions of a sewer." 
Nevertheless, many have been constructed of an oval form. 
The smallest size in a long street is 4 ft. 6 in. by 2 ft. 6 in. 
The other sizes are 5 ft. by 3 ft. ; but several are consider- 
ably larger, where much water is expected to accrue frqiPa 
the outer districts. The outlet for the main sewer at South 
Place (Finsbury) is 6 ft. 6 in. by 4 ft. 6 in. The Fleet 
sewer, which drains from the south-west of Highgate, is 18 /J. 
6 in, by l^ft. at the mouth, and 12/t. 3 in. hy lift, 1\ in, at 
the city boundary; and, owing to the immense quantity of 
water flowing into it, " this sewer has often been surcharged.** 
The Eldon Street (Finsbury) sewer is 6 ft. by 3 ft. 2 in.; 
the London Wall sewer is 6 ft. by 4 ft, and the main trunk 
increases from 8 ft. 3 in. by 6 ft. 9 in. to 10 ft. by 8 ft. at 
its mouth. For courts and alleys the sizes are 3 ft. by S ft. 
3 in., and sometimes, according to the number of houses, 
4' ft. by 2 ft. 4 in. The sewers 4 ft 6 m. by 2 ft. 6 in. are 
•built in brickwork 14 in. in thidkness throughout Adapt- 
ing the size of the smaller drains so as to admit a man to 
pass through them, they should be at least 2 ft in width, 
and, to allow crawling through, 2 ft 4 or 6 in. in height; to 
allow his crouching through, 3 ft 6 in.; or to stoop through, 



4 ft. 6 in. TUe fciclwew of Wckwork; of Om^. «§W©rsi 
6houl4 notl be less tl^an 9 in., qof Uie 4opih &o«a th^ 
ground less than }^ ft, at fte #h^Qwest pft?t, i« «r4^r tQ 
provicle fw tbi) drainage pf » feaaei»e«t a^Qjy fthout. ? ft. 
Q «^, TO beigbt AapmniAg 9 ft- ft ip- ^si tfe© »i«iiattm 
height fw A ^.mmop s^wer, ftn4 sallowing 8Q ifl. ef 4§p^aU 
to ex^t in ^ PU^Uq 9ew§^ b^fqr^ it c^ rise iptQ tb^ cqpa-, 
me^i sowers, tbe ewveycq? 4^4uped ^ mi^ipavitt^ bright liff 
p^bUQ 8^wei»§ of 4 ft, ^ in. 

389. In tbe Westminster Division of gewewi the lev4 rf 
the Qnt^lls intQ the jiver Ywes from 10 to 15 ft,, belftw ib§ 
level of high-water mark, and ^Qm§ pf thepft b%vi fi^^* 
SckQie of the mm sewers have a/aW qf ^l^ half m i^ok to 

iQO if.. The fo?m of the ^ey^^x^ i« tb^t ^ % sew^ir^^lw 

arob 9t the t^p. and ^ segmental inv^ with np^ight 8i4#s), 
Tbe two pi»es ^pe4 are^first clasp, 5 ft. Q in. bigb wd 8 ft. 
wi4e ; ftnd seeond-olase, § ft. high and a ft. 6 in- \?i4e. 
TbQ three cei^tre courses of every invert firei bniH i|i 
oement. an4 tbe repawnd^r of the work in Doyldftg li^^e- 
mfurtar. The walls ar^ 1| brick in thickness, and the aroh 
and ifiyert d half-bricks, o|r 9 in. Tbe co^t fpr ^ pew^r ^ ft* 
wide was, for the brickwork, 14«- 8c|, per ft, qp4 for ^ p^wef 
d ft. 6 in, wide, 12<. Gt^. 

340, The siewera tbro^ghpvit the Holhpi^ and FinsbnrjF 
Jlivisiftns 4iaabftrge into the main sewers of the eity gf 
LoQdop, a^d bftve no putffdls of their own ipto the Thaine§t 
The Fleet pewey popveys tbe dwnftge of i^bout 4444 square 
aevea of anrfa^e in those divipiions, m^ is calculated to j^ 
eeiYe annually from this si^rftiQe ^bpnt 100,000 cube yv4i 
of mattei' held in inecbanicf^ su^penmon* and oftrrie4 to 
tbe Thames by tbe forpe of sucb Vfttersi ^ flow tbrougb 
the aewer. These winters, by tbe ei^perim.ente pf 1^. Bee, 
hamg been fomd to amount t^ ^bont lOO times the bnllr 
of tbe matter? held in auspension by them, it follows, 
that tbe ?leet gewer 4iachar^e8 from tbia su^c^ about 
10,600,000 pf pube yards pf s^wage-watei^ ftnd suspended 
m^ttem into the river Thames w^uftlly, Tbe total 
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work of this sewer comprises ^sq tb§ quwtit^ i* ^epe;ves 
from the surface of the city, after passing tbyQvigi^ the (iJs? 
trict hey§ ¥§l^¥l^4 tp. A sewer c^ried up to JJoUoway, in 
this ll^ifden, a 1@Q|[A) of nearly 3 miles, pf^sses i^n^er 
Capoftbury (I§lingtoft) f^t a depth qf 68 /p. f(on\ the surjiwe, 
ai)4 the dl^ikftgd pf the )ious^s in that part is proyid§4 for 

i>y ft suk9^flf mik' 

841. lew^n eOftSltrufi^d on the K4ng8to« estate, through 
a v^ ^Oft ela^i ftP6 built of aP oy^l foym, the }^rg§i^t sjzo 
b^Sg 3 ft, 6 ift, high, ftiid a ft, 6 ip. wi4e, the y^dius of 
the lide d)}fV§8 ^bout 8 ft- ; half a brick thick in cement 
The ©it§nt of cuttigg was from I Q to IB. ft., ftud tl^^ epst 
155. pop ]^^ Ib^t, The fall at the rate of 80 ft- in ^ 
quarter of a mile. 

34^. The practice in some of \\ie pyQVWQiftl tpwn§ wfM» 
reported ag fpUows ;^- 

Lancaster, — Flag or slate bottom. 
I^ubWei^tcme §id§9, W^ W PQiPPaqi^ 
uQl^t^. Saugh §tpn© ^Qversi, Mai^a 

2 ft. 6 in. X 1 ft. 4 in., 6s. per lineal 
y^4. Ilrwqb strpet drains, \ ft, 4 in, 
square, 4s. 6i. ditto. Yar4 d^^in?* 
6 Qp T in. squwP, Ri»t dUtPt AU found 
to be very inefBcient. 

NatHngh^m, ^, &1pk, Cyliftdrioal 
sewers. Upper half built in mor- 
tar. IiQwep h£df li^d ivy. Half- 
brick thick. Diameter from 9 ft. to 

3 ft. 6 m. Ave^p post ?«» pw lineal 
yard. 

Birmingham and l^aUaU. — 2 ft. ciib 
culv PUlveitii ]9ii 6 fi deep. 7«. pen 
lineal ygrd. 

CJi^t^.— CiwuUw hiiok drams frem 8Q to 86 in. 
tep. Avemge cost 13<. pes linpal yasd. 




diame- 



iia 



PROVINCIAL SEWEBS. 




Bristol — ^Four sizes 
tical brick sewers. 

Ft. in. Ft. 

1st. .40x3 

2nd. .33x2 

3rd. . 2 8 X 2 

4th. . 2 X 1 
All 9 in. thick. 

Cylindrical drains, 1 ft. 
in diameter internally, 
thick. 

Rate of fall from 1 in 60 to 
1 in 360. 

Frome, — Stone and lime 
cheap and abundant. Drains or " gouts " 18 in. square, 
covered with stone to take any weight, exclusive of digging, 
2s. per lineal yard. 

Culverts 2 ft. square, dry walls, with rubbed stone arch, 
turned in good coal-ash mortar, exclusive of digging, 4s. 9rf. 
per lineal yard. 

Swansea,— Ovsl drains, 3 ft. 2 in. x ^ ft., includiiTg exca- 
vation, 10s. 6rf. per lineal yard. 

Cylindrical drains, 2 ft. diameter, including excavation, 
8s. per lineal yard. 

Brecon, —Cylindrical drains, 2 ft. diameter, cost 8s. per 
lineal yard. 

Square drains, side walls of dry masonry, with flat cover- 
ing stone, from 3 to 4 in. thick. 

Cost. — 12 in. 2s. Qd, per lineal yard. 
1 5 in. 3s. 3rf. „ 

18 in. 4s. 

343. The egg-shaped or oviform section used in the Hol- 
bom and Finsbury divisions is shown in fig. 74, and the 
section commonly used in the Westminster division, up to 
the year 1843, is shown in fig, 75. The difference in ex- 
pense between sewers of these sections has been estimated 
at I660i. per mile, upon the following data. Brickwork at 



COMPARISON OF FORMS. 



iia 



aOs. per cube yard. Excavation Is, per cube yard. Filling 
in 3d per cube yard. Cartog 3». per cube yard. Kemaking 



Ftff. 74. 



Fiff. 75. 




surface Is. Qd, pet superficial yard. Average depth of exca- 
vation, 20 ft. The quantities per mile of each sewer are 
shown in the following table ; the size of the egg-shaped 
sewer being 6 ft. 3 in. by 3 ft. 6 in., and that of the upright- 
sided sewer 5 ft. 6 in. by 3 ft. 



Bricks consumed . . . 
Cube yards of brickwork 
Do. do. of excayation 



Fintbury, or 

Egff-shaped 

Sewer. 

. 924,140 

2,272 

. 19,665 



Westminster, or 

Upright-sided 

Sewer. 

1,378,080 

8,888 

25,420 



Hxcets in Westminster Server, per mile. 



1116 cube yards of brickwork at 20s. 
5865 „ „ excavation at Is, 
5865 „ „ filliogin at 8<;. . 
1116 „ „ carting at 2<. 
880 super yards repairing at Is. 6d. 

Total . . 



£1116 
293 5 

73 6 
111 12 

66 



iei660 8 8 



i^W Reft4» accQTdiflg to tb^ apctipi^, fig. ^5, failed, owing, ^^ 
2?%'. 76. 




alleged, to dome difficulties in the nature of the soil, and 
to imperfect workmanship. This was replaced by another 
ibrm of sewer, which is shown in fig. t6, in which the 
shaded parts represent brickwork in cement, the invert and 
springers being bedded in concrete as high as the 14-inch 
work, ^ tbe?a shown. 

345. The capacity of sewers is determined by a con- 
sideration jointly of the quantity of sewage to be conveyed 
through them, and of the rate of inclination or fall in 
their vertical position. The capacity will vary directly as 
the quantity and inversely a&i the fall; siftfie the greater the 
faU the nior^ r^pid will be the diaqharg^,, Jt has been usual 
to prescribe another limitation as? to the minimum P^acity 
of sewers, viz., that they shall at least, under all circum- 
stances, be large enough for a man to pass along them. 
The necessity for this allowance has arisen from the fact, 
that sewers m'O found to requir§ cleansing by hand— that it 
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is utterly impossible to remove the accumulations which 
are liable to occur within them by finy other means, and 
tbun sppQ lOiQQQ^. \is^ l)eeq annuallT eicpepded in Xiondon 
^cme \n pm emplQy^le^t of a most ais^sting an4 danger- 
OU9 fij^ture. Wp haY6 »Q besitatioi^ in saying, that, under a 
thoroughly p^Qi^^it mi prftctipable system, no such process 
cpwld 0yer be peed^d, a»d, paoreover, that if deemed desi- 
r^!b^% fpr ftpy PQasihle pUTppse, it wpuld apply only to the 
pyi^ieipftl sewfir?! the sizp pf which Yfovli admilj of it, as 
4et^rwi^p4 ^pfta tli§ JQtat dat^ of gifantfY]^ and fall alone. 
W^ wUlj therefore, disn^iss this conditio!) frppa the problem, 
«|i4 §tu4y it upofi tb^ twp d^tft named. 

846, Bwpe t})p pafttity of sewage due; to any given ex- 
tent pf §i«f^p ^ill depend mainly upon the amount of 
pppulation to h^ s^edi it follows, that iQ an equalised 
^i^W WJning at m WifQnTi ei«o fpr tjie sewers of the 
sfiyev^ riasges, tbp PPWte of cpUeptJon or receiving wells 
§b(»vrt4 bP arrapge4 ftt ^istW^^s, varying inversely as the 
4#fiffity of tb^ popi4fttiQft' Npw, the mqn^nmm density of 
thp pppulatipl^ pf InP^dpp )p estimated gt /^43)000 to %, 
^qu^f mile." Jjet ^^ guppo^e tfee drftin^gp pf pije quarter 
pff^SquWPWUe pf surf^pp, pppvi}^te4 to this extreme de- 
gvpp pf closeness, to bp CP^vpyed iu on^ mqii\ $ewer, ^d 
eftde^YOur tp form ^ ypugh nptiop of the total quantity of 
spwi^ge which this ppwer ^hpvrtd fee gtted tP op^yey ^nd dis- 
charge, Thp pntirp hulk pf sewage u^u^t ppnsi^t chiefly pf 
thp Jipuse-pe\|Fage and ?ftin-watw frpn) the surface — ^at least 
thp other pppstituents are of top insignificant an amount to 
y^quire flptice in ^ merely appyoj^TOate e^itiwate. J^^ 
^miisfflj ihei entirp hause-sewagp ni^y bp assnwed fts ec^^^ 
tp the buHf pf \vfttev deiivprpd tp th^ tot^l popvilaUon. Wp 
h%Ye oalcnJated, in gpctipn IJ., on the supply of wfttpr 
teftTt a8»S), that 550 gftHpns are, o? pught to he, allowed tp 
eapb indiYi4pftl pf th© population ppf diem. The ftpnuirf 
qii^tity viU, tberpfpyp, bp 20 x aQ5 =? 73,000 gallons, p? 
%9'y 180Q aufeip feet T}i© pPimlfttiPA pf tiip 8<lUW quarter 
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of a mile being ?1M!?!!?, or about 60,000, this number 
4 

multiplied by 1200 cubic feet for each person will produce 
72,000,000 as the annual quantity of sewage in cubic feet ' 
arising from this population. To this is to be added the 
bulk of the rain-water, which we will allow to amount to 
24 inches, or 2 ft., in depth annually over the surface, and 
that this quantity will be discharged into the sewer without 
further diminution by evaporation. The total quantity to 
be drained annually from the surface of the quarter of a 
square mile will thus amoimt to 2640* x 2 = 18,639,200 
cubic feet. Adding this, which we will call 13^ millions, to 
the 72 millions of house-sewage, we obtain a total of 85 J 
millions of cubic feet of sewage to be discharged per 
annum from the surface of a square mile of the most 
densely-populated part of the metropolis. If this annual 
quantity were in a state of constant transition along the 
sewer, and with equal velocity throughout, and the efifect of 
friction was for the moment disregarded, the proportion to 
be passed per minute would be of course easily calculated, 
bemg 85,500,000 divided by 525,600 (the number of 
minutes in a year), or 162*66 cubic feet. Now arecorded fact 
will be a more useful datum for our calculation here than 
any elaborate investigation of velocities, friction, &c. ; and 
we will, therefore, refer to the experiments of Mr. Roe, 
instituted for testing the value of the flushing systein as 
applied to sewers, and which showed that the sewage 
passed through the river Fleet sewer with an average velo- 
city of 83-47 ft. per minute ; the run of water being spread 
over a surface 10 ft. in width, and the stream being only 
10 iUi in depth, the passage every minute, therefore, was 
equal to 692*8 cube feet of sewage, and the friction in this 
case being greater than if the same sectional are^i of water 
had been accumulated in a cylindrical drain of smaller 
diameter. Tlie solid matters held in suspension by this 
water amounted to the proportion of 1 in 96 of the bulk of 
water, and consisted, as all sewage usually does, of decom- 
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posed animal and vegetable matter, and detritus from 
streets and roads. At this rate of transit, it appears that a 
sectional area equal to two iiquare feet would suffice to pass 
the entire sewage of a thickly-populated area of a square 
quarter of a mile, supposing the passage to be constant 
and uniform, and the fall of the sewer and Mction of the 
sewage equal to that of the river Fleet sewer, on which the 
experiments were made. 

347. In modifying this result to provide for the diflference 
between the assumed and the real nature of the transit, we 
will first admit that the bulk of the sewage, consisting of 
that flowing from the houses,' is delivered into the drains 
during perhaps half the real time; that is, during 12 
instead of 24 hours. The sewers will, therefore, be required 
to discharge double the quantity estimated during each 
alternate period of twelve hours, and during the interxening 
periods of like extent to remain empty. We will, there- 
fore, double the capacity, and allow four square feet of 
transverse sectional area of main sewer for the drainage of 
the given surface. 

348. But we have another allowance to make ; we have 
the " storm waters " to provide ' for, about which we have 
heard so much, because occasionally, during the rainy 
month of July, a smart shower is observed to cover a flat 
street, or form ponds on the low side of an ill-formed road- 
way. Let us estimate the allowance required for this phe- 
nomenon, and infer the advisability of providing for it in 
the sewers. We have seen that 24 inches in depth of rain 
falling upon our selected spot will equal a total bulk of 13^ 

.millions of cubic feet. We will suppose an extraordinary 
case, viz. that some July day the whole quantity due to a 
month (2 inches) falls in 20 minutes. Then, in order to 
prevent any flooding of the thoroughfares, this quantity, 

equal to — * * = 1,125,000 cubic feet, will have to 

be disposed of in 20 minutes. Assume that the velocity 
produced by the pressure on the water wiU equal 1000 fL 
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pBf miniit^. What \r6\M be thd capacity bf titte fieWer 

eqiittl tb disdhatge this i-aln-Wtttet as Rapidly as il Ml% !1?6 A 

the clbUdsf The quafatltf tt^druing ffe^ tilltlUte beihg 

M25»000 

^ = 56,250 cubic feet, and the velocity equal to 

1000 fcubie feet, the ciapdclly of tlie sewer must be eqUal to 
56 J squafe feet 6t IrailsverSe Sectioiial area. iSfbW, V^ have 
found that an area of 4 ft. will siifecd drdihafiiy for the 
house-sewag^. Is It desirable to increase the capacity of 
btir heWets fourteen f did in brdef to provide for aii occasional 
fehoWet" ? There cah be tio faecessity to ahswef the (Jiiery. 
tl'cononiy of the tiibst liberal disposition would Hot sanc- 
tion any such arrangement. If the exact area of 4 ft. be 
doubled, in order to tnake ample provision for all ordinary 
Contingencies, it Will satisfy every reasonable requirement; 
and then, by suitable inlets to the sewer, the deluge of 
rain-Waters will be prevented from 6vercharging it' and the 
effects of the shoWer will disappear in some hoiif arid a 
half, ahd before any Very serious mischief can be produced 
by the water soaking into the subsoil through well-paved 
streets and yards. 

349. In proporttoh afe the population is more extended, 
the ratio bf hbuse-sewage to SUrface-'sewage will of course 
diminish, and vice versa ; btit we believe that economy and 
facility of draiiiage will be best |)romoted by limiting the 
sum of populatioii and a^ea to each receiving well, so that 
a transverse sectional area of 8 or 9 ft. shall suffice for the 
main sewera. 

350. In the subufbari districts of a town, where Compara- 
tively large smfaces exist in gardens, arid where, therefore, 
the effect of allowing the ** storm waters ** to gather might 
be productive of mischief by saturating the soil, the dimi- 
nished amount of house-sewage will tend to make the 
operation of the mains more effective in relieving the sur- 
face, besides which, natural declivities will usually aid the 
fall of the sewers ; and provision might frequently be made 
at little cost for deceiving the surfece-water in auxiliary 
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^ellS O!* l*iSceptttcies ih which it eoiild be tnAd^ AVftBable for 
BUbseqiietHj s^t^tJe in litigtitioni Without klloWihg it to bur- 
den the main sewers of thfe district. 

351; Having based our cdl6iilalion as to the capacity of 
ttiaih seWers upoti an area of the tnaxitnUm density t)f popu- 
lation, we Will, With th6 saihe vieW of providing fbr the 
utmost necessities, consider thd question of declivity or fall 
as to be Applied to that description of natural Biirfacts which 
presents the greatest diffictdties to the operation of any 
system of sewage—a perfect or dead level. The wells or 
receptacles for the sewage being placed hklf a mile distant 
from one another, so that the area drained into each of 
them equals a square quarter of a mile (or each side 3640 ft. 
long), half of this, or 1320 ft., may be taken as the length 
of each of the main drains. The longest of the main 
sewers thus measuring 1320 ft., the fall is to be computed 
with reference to ihii length. We have seen that metropo- 
litan sewer-piiactice has recognised a ftiU df half an inch in 
10 ft., or 1 in 240, as sufficient for all the purposes of good 
drainage. At this rate the fall due to 1320 ft. will be 5^ ft. 
But preferring to allow double this fell as proportionally 
improving the system, by aiding the discharge, we should 
require a fall of 1 1 ft. in our main sewers of thfe maximum 
length. And preserving 5 ft. above the head of the main, 
it would lie at a depth of 10ft. at the well. This 5 ft. will 
usually be foUnd sufficient to allow all necessary fall in 
house-drains and in branch sewers, to serve the supBrficial 
draining of the intervening district. 

352. The utmost economy of the system Would be at- 
tained by multiplying the main sewers as much as possible, 
Bs by this means the length of the branches may be re- 
duced to a considerable extent, knd the necessary depth of 
the mains also reduced correspondingly. On the other 
hand, by sparing the main sewers, they are required to be 
laid deeper, and the branches also ; or, if depth be Saved, 
it is at the expense of efficiency, and the whole system is 
instantly filled with insuperable difficulties in vam attempts 
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to reconcile the relatiye levels of an infinite number of 
collateral sewers, and to adjust the details of the arrange- 
ment to the minor variations of surface above. 

353. In the depths we have assumed, as deduced from 
the desirable rate of inclination for the main sewers, allow- 
ance is not yet made for draining the basement stories of 
the buildings. It must be confessed that this purpose 
involves the greatest difficulty in the details of the system. 
On the one hand, it is evident that the construction of 
sewers as large as rivers, and at depths varying from 20 to 
70 ft. below the siuface; demands a most extravagant ex- 
penditiure at the outset, and, after aU, puts the works in 
positions which are practically inaccessible. Yet, on. the 
other hand, we shall be reminded that the deep basements 
and kitchens must be provided for, and that our branch 
sewers must be sunk low enough to serve even the lowest 
of these. In order to provide for these, the main sewers 
will need to be laid some 8 or 10 ft. lower than the depths 
we have given, viz., 13 or 15 ft. at the head, and 24 or 26 ft 
deep at the well. Bather than permit the evils caused by 
sinking sewers at these depths, it will probably be prefer- 
able to reduce the distance between the wells, or even 
admit (although highly objectionable) some diminution in 
the rate of fall. We are satisfied, howeverj that the fullest 
investigation into this subject will establish the principle 
that no sewage matters of any kind whatever shotdd be allowed 
to be discharged into a drain from . any rooms or apartments 
below the surface of the ground. The difficulties which would 
attend any attempt to carry this principle into effect in 
Loudon and similarly ill-constructed cities, may be too for- 
midable to be now encountered, but they must be over- 
come before the sewerage of such towns can be reformed 
upon the most efficient plan which our present knowledge 
and experience suggest. 

354. The. dimensions of the branch sewers are to be 
determined upon the same two elements of population and 
surface to be served that we have referred to in estimating 
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the required capacity for the mains; and, according to the 
varying extent and proportion of these elements, a scale of 
sizes may he determined for the several lengths, distances 
apart, &c., of the branch sewers. 

355. By the system of district collections here recom- 
mended, one great difficulty felt in planning sewers for 
concentrated discharge is at once obviated. In forming 
sewers which are intended at the time to serve a certain 
district, but which may hereaifter be treated as trunks, and 
called upon to discharge constant accessions of Sewage 
from an extending neighbourhood, no calculation can pos- 
sibly be made as to the sufficiency or otherwise of the sec- 
tion it is proposed to adopt. Thus, as truly remarked by 
the Sun-eyor to the City Sewers Commission, " the sewer 
from Moorfields to HoUoway appears to measure upon the 
map about three lineal miles. In process of time, and as 
buildings increase, it may throw out branches in all direc- 
tions, and the three miles may become thirty. Not only all 
the atmospheric waters which may, upon an average, fall 
within the valley south-eastward of Highgate (or at least a 
large portion of them), but all the artificial supplies which 
the wants of its yet future inhabitants, as well as of those 
intermediate between Islington and Moorfields, may re- 
quire, will have to be carried oflf by the City sewers." The 
necessary consequence of which doubtful condition is, 
either that the sewers are at first constructed in a most 
extravagant manner as to dimensions and depth, or that 
they are afterwards found to be utterly inadequate to their 
increased duty, and have to be reconstructed at greater 
depth and of enlarged capacity. Whereas, if district col- 
lections are adopted, each main sewer is at once properly 
devised as to size, form, and construction, and continues to 
perform its services efficiently ; and, as new districts are 
formed, each of them is provided vnih another system of 
sewers adapted to its defined limits, and ma^e sufficient 
for all the work it will be ever expected to perform. 

366. In the form of sewers two conditions have to be 
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fulfilled, vw. iitrength, as obt^miad with ^(ionomy of CQst, 
sijd efficiency of action, . A bollow cjian^el embedded u^ ^§ 
subsoil i& evidently liable to b@ presse4 upap tmi ^g^■imi 
by the weight and bulk of the sujTOUpding solid ipftteriiils, 
and it therefore beaoroes necess^^ thftt the forjp of this 
channel be such as will enable it to resist eSTectu^^ly tbi^ 
pressure from without. We all know tb^t a curved form 
of construction, in which the convex surface is opposed 
against the pressure, is stronger in this way than a plani^ 
surface, because the pressure appIi^4 to any point of th^ 
convex surface is imrnediately disti'ibutad tp all the surround* 
ing points op that surface, and their coiPbined resistance is 
thus brought into action against the external fproe. And 
Hfince the complete co-operation of all parts of the surfa^^ 
in resisting uniform pressure from (be exterior is obtained 
only when all those parts have a comniop cept^e, (Jiq c}fQL$ 
is llie most perfect figure for tbis purpose. 

857. But the pressure upon ali parts gf a iiewer is mi 
uniform. The top o£ it will be subject to the entire weight 
of the pias§ above it, ipipps only tb^ friction ^d st^niii^ural 
tenacity by whii^h tbat n^a^s is prevented from ipovipg 
freely downward from tbo surroppding portLopa, Tb^ 
sides of the sewer are pressed against by the ^U wi^i 
forces inversely proportional to tbe t<^naeity pf tbe material; 
that is to ^ay, the less the tepacity or power of self-euppiHrt, 
the greater will be the pressure agaipst the s^wer- Tha 
bottow of tbe sewer may be regarded as fr^ frem aytemal 
pressure, except si|ob as is due to j^ re^Utao^e with wbidi 
tbe eoil below ip^^ts the downward preesuro e:iertoii by 
the sewe? itself, apd trapswitted by it from the h?§A 
above. 

358. Tbe greatest pj^ssiwe beipg thus v^tiealjy frpoi 
above, a form of uniform str0Pg^ would require to a«t 
with greater resistance in this direction^ {lenee an ellip- 
tical form, tbs l^geat diameter being placed verlieally, 
would appear to answer tbe oonditjjons better than a eirde, 
and is, dopbtlese, tbe least imper&.ct form], that caii be 



^ptfi4' iPFaptjc^Iy it h^s ])em 4eeQied 4e9wWe tp cojpa? 
bine, as far as possible, a poftsid^rablB icapacjity wittl tbd 
jnean? pf makiijg a reduced flow active in itij passage 
througl^ tb^ sew^p; apd these j-eqjijireffijeftt^ app.e^i? <P be 
fulfilled b^ .# fgrnj of ^eptioi^ tb^ differs frpm ^v^ elljp^je iq 
b^ving tb^ Jfpper /aurye of larger radios th^ th^ lower one, 
resen^Wipg tlw Qntline of aQ ^gg st^difig pp i<« .^Wftller 
ejid, a^nd te wUicJi tb/e jiaipe pf egg-shaped, or pyifoirm, fea^ 
tberefore b^en applied. 

859, fj)^ ya}MB pf ^e pufved fepttom of yJed^fi^d radium 
dBpep:^s n^n thjs ly^ll-kpowQ l^w» that the piis^^g^ of fluids 
tl^jrougb cba»»ej^ is rptarded by tbis frictixw bistw.eep tlie. 
wat^r a»d the surface of tb^ cba»nel mHi wbijeb it is in 
€0|ita6t. Ai^d it is m i^vident r/esult of this law, that tbo 
greater the surface of contact the gr/sateir tbjB fri/ctioa. 
{J^ence a»y giy^» bulk of israteiP >vm flow thd most rapidly 
m that form pf ^bm^A i^ ¥vbiab this sur&ca of coqt&ct is 
reduced to the minimum. The form necessary to fulfil this 
condition is presented at once by the well-known geome- 
trical principle, that the circle includes a greater area 
within its perimeter than any other figure of equal peri- 
meter. And as the necessity for aiding tbe flow by dimin- 
ishing the frictiop occurs chiefly when only a small stream 
exists within the sewer, it follows. j^aat the radius of cur- 
vature should be proportionally reduced yvithin practical 
limits. 

360. The exact proportion y^hich the radii of the upper 
and lower curves of the oviform section of sewer should 
bear to each other, (adopting circular cujrves as preferable 
in practice to elliptical or any indefinite curves,) would 
depend on the precise average mininjum of water to be 
provided for, calculated jointly with die density and tena- 
city of the soil, and the depth at which the sewer is laid. 
As it is manifestly impossible to determine all these ele- 
ments with exactness in evolving any general rule for the 
proportions of the section, they paay be d^^i^egarded, since 
tl^o zp.ain form i3 e^taj^)isl^ed by ^o conditions s^M4 V^ 
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pan^raph 358, and a practical rule may be formed which 
will be found to answer all real purposes. 

861. In the forming of sewers, as in all works of a 
similar class, which are often necessarily entrusted, to a 
great extent, to the charge of workmen, who cannot be 
expected to pay much attention to the refinements of 
geometrical principles, simplicity is evidently an object of 
the first importance. The proportions of the several curves 
required in marking out the section and forming the 
moulds and gauges to be used in constructing and testing 
the work should be such as can be readily understood and 
exactly remembered ; and in proportion as these rules are 
observed in designing the form, will be the probability of 
that form being preserved, and exactness attained in the 
construction of the sewer. 

862. In seeking this object we have worked out a diagram 
of proportions, shown in fig. 77, that we can venture to 

Fiff. 77. 
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recommend on the score of simplicity and sufficiency, 
which we hope will be made evident by the figure and tho 
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folloAving description. In this section let the diameter a a, 
of the upper semicircle ad a equal 1 ; that of the lower arc 
BB will equal 'S. The entire height of 'the section df will 
equal 1-5, and the radius caa, of the side arcs ab (truly 
tangential to the upper and lower arcs), will also equal 1'5. 
The centres co being upon the produced diameter of the 
upper arc, that arc will equal a semicircle, and the lower 
arc BB will equal 120% the points for the meeting of the 
curves being at bb, found by drawing the radial lines, cb, 
through the centre £ of the lower arc. Suppose the greatest 
diameter a a be determined at 3 ft, the several dimensions 
will be thus : — 

Ft. In. 

Diameter of upper arc 3 

Do. of lower arc 16 

Height of section 4 6 

Badius of side arcs 4 6 

And the area may be taken (as a very close approximation 
to the truth) as equal to that of a semicircle of 3 ft 
diameter, added to the area of a circular segment whose 
radius is 4 ft 6 in., and versed sine 1 ft. 6 in. ; the area 
thus given being in excess only the small space shown in 
shaded lines at a. 

363. The construction of sewers is varied according to 
their size, and should be also considered with reference to 
the economy with which different materials may be obtained 
according to the locality of the district, and also the nature 
of, the soil in which the work is constructed. For the 
smaller sewers the " glazed stone-ware " pipes are found 
efficient substitutes for those built up of brickwork. They 
have the advantages of being much more quickly laid than 
the others can be built, and of presenting a very superior 
surface for the rapid passage of the sewage. They are also 
constructed in various forms of bends and junction pieces, 
and thus afford the means of ensuring proper form in these 
points. From their comparative thinness, pipes of this 
kind afford a much larger capacity with a given quantity of 
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exfeavatioil fbi^ laying thdfti, thati seWfetS fditaed of brick- 
work, tvhicb, eteti for the femalle^ diameter, kanhoi be leS^ 
ihttn half a bHck, or 4| iH. in thickhess. In kjihg tli^itl 
care must, of (Joiitse, b^ tdken With the joints, t^hich fet^ 
foimed by d Socket dri olie ehd Of each length Of plije id 
Which thfe pMh md of the adjaliiihg length ik feefeited. 
The prices at which these {^igfe^ majr be frodtired ih 
London dte tt& foUdws:— ^ 



Straight Tubes with Socket Joints: 



In 3 ft. lengths 



3 ft. 



Infclifes 
Bore. 


Linfeftl Fbdi 




S. d. 
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..04 
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. 6 


4 


.06 





; 8 
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. . 1 U 


12 


; 1 10 


15 


. 3 


18 


. 4 



Diameter of 
Bore. 


Bends Each. 


Junctions 
Each. 


%h%i?r 


Inches* 


*. d. 


«. d. 


9. d. 
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1 4 
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1 3 


1 8 


1 8 
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1 S 


1 6 
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9 8 


fi 


^ 8 
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8 Q 


8 6 


4 6 


12 


6 6 


5 6 


7 



Egg-shaped tubes are also prepared of the same material in 
2 ft. lengths with socket joints, at the following prices: — 

Ft. tn. *t. In. «. d, 

1 8 X 1 .. 3 8 
1 9 J< d 9 < . i2 3 

fl X fl . . 1 i 



PBICES 0^ SfiWEfiS. 



ni 



In Chester the following prices hftve been paid, including 
excavation of the maximum depth of 12 ft. :— - 



Iliches. 

49 X 32 . 


8. 
11 


per 


lineal 


yard, ordinary earth. 


42 X 32 . 


IS 


a 




rock. 


36 X 28 
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6 




ordinary earth. 


33 X 25 
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6 




f) t9 


80 X 22 
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9 




>» *» 


24 X 18 
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6 




ft 1) 


20 X 15 
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6 




»> »> 


16 X 12 


. 4 


9 




»> >> 



The stone-ware tubes m&y be mailufactured with ample 
strength for all purposes required in their application as 
minor sewers. Some experiments, made with specimen 
tubes of fire-clay at Glasgow, proved their power to resist 
a* pressure equal to that of a perpendicular column of Water 
900 ft. in height, being three times the pressure to which 
it is found necessary to prove iron pipes Used for ihe trans- 
mission of watet. Drdin tubes of common clay are sup- 
plied in Glasgow at the following prices : — 



^ in. dlametei* . 


S. 

. 


d, 

6 per lineal yafd. 


6 


. 


9 


9 


. I 





18 


. 1 


3 


18 


. 2 






Pipes of fire-clay at Glasgow, cost : — 

8. d. 

4 in< diameter . * 1 per lineal yai^d* 
6 ,i ..16 j, 



12 



2 3 



h 



Bupplied in large quantities, it is pi'esumed that all of 
these ptioes for tubular drains Would admit of considerable 
i*eductlon. The following estimates foi* works, as ordered 
by the Metropolitan Commission of Sewers in the months 
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of April and May, 1849, contam some useful figures as io 

the cost of works oj this class : — 

Quantities. Localities. Estimated 

Cost 
£ 8. d. 
246 ft of 12 in. pipe "1 To be put down an open sewer in South- 

sewer , . J ampton Street, Nine Eljas, Surrey . 39 
400 ft. of 9 in. and ] To be put down in St Mark's Eoad« 

500 ft of 12 in. . .J Kennington , . . 131 6 

485 ft of 12 in. . . To be put down. in James Street, Ken- 
nington 78 16 3 

400 ft. of 9 in. and i To be put down on the south side of 

415 ft of 12 in. . .J Kennington Common 117 18 9 

700 ft. of 4 in. . . To be put down on the north side of 

Kennington Common 15 

483 ft. jof sewer, 3 ft T To be put down in the Wyndham 

6 in* by 2 ft 3 in. J Road, Camberwell 157 

95 ft. of 18 in. pipe "i To be put down in Great Guildford 

sewer . . . . j Street, Borough . 28 10 . 

135 ft of 15 in • 26 

665 ft of 9 in. . . In an open ditch 78 10 

300 ft of half-brick sewer, 3 ft 6 in. by 2 ft. 3 in. and 158 fk. 

of 12 in. pipe sewer .300 

240 ft of 9 in 15 

From these estimates the average costs of supplying 
and laying the pipe sewers of several sizes appear to be as 
follow: — 

si d. 

4 in .0 514 per foot. 

9 in 13 

12 in. . - 3 3 

15 in 3 10 

18 in 6 „ 

And of the egg-shaped sewer, half a brick thick, and 
measuring 3 ft. 6 in. by 2 ft. 3 in., 6s. lOJi. per foot 

364. In commonly good soils brick sewers may be con- 
structed of a single half brick, or 4^ in. in thickness, of 
curved form, of considerable size. In the Finsbury division, 
half brick egg-shaped sewers have been constructed, 4 ft 
6 in. by 2 ft. in., and are found sufficient. Sewers of 
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these dimensions would be ample for the mains of properly 
limited and defined districts. If the soil be of a loose and 
uncertain character, it will be necessary to build them 9 in. 
in thickness, or two half-brick rings. In the small curve 
of the invert all brick-built sewers should be very carefully 
constructed, the unavoidable interstices between the bricks 
(if of the common square form) being filled in with pieces 
of slate or tile, and the whole floated in vdth cement to 
make it as one solid mass. If this be not honestly done 
and carefully superintended, the action of the declivity will 
be nullified by irregularities in the interior surface of the 
waterway, and a liability created to the formation of bars 
by the settlement of the solid portions of the sewage. 
Egg-shaped sewers 3 ft. 6 in. by S ft. 6 in., in an average 
excavation of 15 ft., have been executed at a cost of about 
143. per lineal foot in the neighbourhood of London. 
These sewers were built half a brick in thickness and in 
cement throughout, and the cost included excavation and 
refilling the soil. 

865. Egg-shaped sewers formed according to the rule 
given (362), built half a brick in thickness an^ with inverts 
in cement, in an average excavation of 10 ft., may be esti- 
mated to cost per lineal foot as follow : — 
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366. In forming the connections of drains with each 
other, viz. those of the house drains with the branch drains 
or sewers, and of these with the mains, through the several 
classes of sizes which it may be necessary to adopt, two 
rules should be in all cases imperatively insisted upon, — 
first, that all junctions shall be formed vdth curves, and of 
as large radii as possible in the direction of the current ; 

G a 
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diid, secondly, that lffhei*evdl' a mlhot draiil disfchdrgcs ilito 
a larger one, the bed of the forriiiAt Shall be kept as much 
a^ possible dboi^e that of the lattet as the relative sizes of 
the two seWers will admit 

86Ti The ittipottance of the first of these idlest has 
beeh long recognised and admits of proof, both theoretical 
and practical. It is fotind that in tt sewei* of 3 ft. 8 in. in 
width, a jstream of water, Rowing tvith a velocity eqttal to 
250 ft. per minute, tneets a resistance in suffering a change 
of direction, the amount of which depends upon the dii'ect* 
ness with which that change is made ; the resistance oecA- 
sioned being thtee tinies as gt-eat by a right angle ftS by a 
ciirve of 80 ft; t-adius, and double that produced by a cJUrve 
of 6 ft. t-adius. The resistance thiife diminishes as thd itiditti 
of curvature of the jundtlon is indteased. I'he effect of junc- 
tions in which considerable reiSlstanee is opposed to the ftee 
passage of the seWfege is, that the solid pftbticles become 
deposited, And, being left by the flowing iitAi^t, they ttcdtt- 
mulate until a bar is formed, which still fllfther iinpeded 
the progress Of the sewfege, and eventually feU^r^&fes it alto- 
gethei*. 

868. The practical value Of keeping the tiibilths Of ttinol* 
sewers above the level of the bed of the mains ihto trhich 
they discharge, arises from the prevention by this means of 
a return of the sewage up the minor drains, supposmg 
a deficient declivity or any untoward circumstance should 
produce a retrograde movement within the main. The 
connection should also be formed in the most perfect 
manner, so that the mingling of the currents shall not 
have the effect of impeding either of them. The mouth 
of the minor drain should be spl'ead into & bell-form, and 
the whole Surface df the junction made sdlid and eVen With 
good cement. 

369. The uppei* connection* of the niinof sewers, tli 
with the house drains, are smiUl Works, l-equlring the 
greatest care and cihjumspectidn. They Are fi^quently 
disregarded and eattlessly ex^euted, bedaUSe Ihdy Apfieaf 
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individtially trivial matte]*s; atid, tnoreovei*, ate trouble- 
some and tedious, and correspondingly expensive. But it 
i^ clear tliat the efficiency of the entire arrangement of any 
system of town drainage is primarily dependent upon tlie 
completeness with which the individusd drains of houses 
convey the separate contributions of sewage into the minotf 
or branch drains. If tliese tributaries fail, the trunk of 
course remains idle, and all care bestowed on the larger 
worlts is thrown away. Supposing the hoUse drains to be 
formed with clay or stone- ware pipes, and the receiving 
branch sewer to be of the same material, lengths of the 
latter should be introduced at intervals having sockets into 
-which the ends of the house drains may be fitted. If the 
branch sewer be of brickwork, the junction of the house 
drains should be carefully made good with a ring of cement, 
and the work nicely finished on the interior surface. It 
will of course be necessary to lay these house drains and 
branch 6ewers at the .same time (if the latter are of brick- 
Work and not large enough to admit a workman), in order 
to complete this work in the best manner. And as this is 
not always convenient, the stone-ware pipes offer the great 
advantage of jointing without any hand work inside the 
branch, by simply laying the branch sewers with sufiicient 
socket outlet lengths at intervals, which may be communi- 
cated with by house drains at any future time, the sockets 
being temporarily plugged up with wood. 

370. The lower ends of the main sewers v^rill communi- 
cate with the receiving wells, and should be well lipped 
downwards to promote the ready discharge of tlie sewage 
the moment it arrives at the mouth. I'hese being principal 
works, and few in number, are more likely to be well at- 
tended to and carefully execute*d than the multiplied minor 
connections. The wells, adapted in capacity to the quantity 
of sewage they are intended to contain, will require sub- 
stantial and sound work. Being in towns necessarily sunk 
to some depth in the ground, the cylinder will be the best 
form in which to construct them. Behind and around the 
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brickwork a backing of concrete should be filled in, the 
excavation being made sufficiently large for this purpose, 
and the whole interior surface should be lined with cement 
or asphalte. If this be done it will not be necessary to 
build the work in cement, although this would, perhaps, be 
a wise additional precaution. Proper economy in this mat- 
ter will be best arrived at by experiments, upon which an 
adequate sum of money would be well expended before 
extensive operations are commenced. 

371. Means of access to the main sewers are best aflforded 
by side entrances, such as those which have been introduced 
in the Holbom and Finsbury division for the purposes of 
inspection and flushing. Although, if the entire system 
were properly constructed, no necessity could occm: for 
artificial cleansing, it will be desimble to provide means of 
getting at the interior of the main sewers at intervals, and 
the side entrances referred to are well adapted for this pur- 
pose. The side entrance consists of a vertical square or 
rectangular aperture, formed in brickwork, and covered by 
a hinged iron cover, fitted in the foot-pavement of the 
street. This aperture is carried down to a level of about 
2 ft. above the bed of the main sewer, and terminates in a 
short passage or tunnel, which opens into the side of the 
sewer. The vertical entrance is provided with hand-irons, 
built into the wall, by which descent and ascent are ren- 
dered easy. 

372. We have already insisted on the necessity of so 
arranging and constructing the sewers of a to^vn that they 
shall not require any cleansing by hand, and have denied 
the condition of admitting workmen as an essential one in 
determining the size of sewers. A sewer cannot be con- 
sidered as properly constructed if it retain the matters 
committed to it in a quiescent condition. It should act 
simply as a place of passage, and instantly transfer the 
sewage onwfyd towards the receiving well. Failing in this 
purpose, and containing all the solid matters in a con- 
stantly-growing accumulation, the sewers of a town act a^ 
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combined cesspools, and the several gully-holes serve as 
the outlets for the escape into the atmosphere of some of 
the deadly gases (constantly engendering below. The ex- 
pense of cleansing by hand is, moreover, an item of con^ 
siderable importance, although, of course, never incurred 
until the subterrai^ean nuisance becomes intolerable. In 
the Holbom and Finsbury division, the cost of removing 
the soil from the sewers provided with -man holes is about 
75. per cubic yard, and from those without, 11 5. per cubic 
yard, including the expense of breaking the arch and 
making it good again. 
• 373. The method of cleansing the sewers in which 
matter accumulates, by flushing water through them, was 
practised to a great extent in the Holbom and Finsbury 
division of sewers, and has been adopted by the New 
Metropolitan Commission of Sewers. The principle of 
this method consists simply in retaining the sewage water 
for a period of time by flushing gates fitted in the sewer, 
and periodically admitting the accumulated water to pass 
by opening the gates, and thus producing an artificial rush 
sufficient to carry all accumulations before it The relative 
economy of the process, as practised in the Holbom and 
Finsbury division, and, as compared with the hand clean- 
sing, was stated as follows : — 

Washing away 6688 cubic yards of deposit by 
board-dams (a process always performed 
preparatory to fixing and using the flush- £ s, d, 
ing apparatus) 644 1 2 7 

Putting inside entrances and flushing gates . 1$^93 Q 



£1937 n 7 

The cost of removing these 6688 cubic yards by hand 
would have amounted to 2387^. The preliminary cleansing 
^d providing flushing apparatus were, therefore, effected 
at a saving of 449Z. 7<. 6d, The current expenses of the 
two -methods are thus stated: — 



£ L A 

Annual cost of dleansliig 16 miles of SeWew By 

hand . . aae IT 

Annual cost of cleansing 16 miles of dfew^tg bjf 

working flushihg gates . . . . 4 106 

Alinual saving by flushing meihoA &%^0 17 

Tlie cost of this method, as subsequently pfaCtlsed hndet 
the New Metropolitan Commission of SeWerS, hfts beell 
reported as being about one-third that of cleansing by 
hand; thus- 22,400 ft of sewers, in which the deposit varied 
from 6 in. to 3 ft. 6 in. (in depth) were cleansed, and 3386 
double loads washed away at an e^peiise of 6002., whieh 
process, under the old system, would have cost IboOt. 

374. The method of flushing is attended with one, afid 
tiiat a very serious, evil consequence, and the mischief of 
whieh is the greater in proportion to the force and velocity, 
and corresponding efficiency of the process. This is, the 
violent driving forward of the fOul gases ivith which the 
otherwise vacant portion of a sewer holding stagnant refuse 
is usually filled. The flushing of the higher part of an 
extended line of lower is thus frequently productive of a 
rising of these gases into the house-drains connected with 
the lower portion of the sewer, and any imperfection in the 
trapping of thesg ddtfiltd the most fioi9om(s effluvia into Hid 
houses, while the stfe^ts um alWftys poisoned with the 
gases thus driven Up thtotigh the grAttngil Atld gully holes. 
Sometimes, indeed, the flushing water is forced into the 
hou^e-drains, and; of OoUfs^) o^diteit^ns a total suspension 
of the flow of the sewage in the reverse direction. Accord- 
ingly, we find that the process of flushing has been dis- 
continued during the wftrm season, the very time when 
it is mdst needed as an artifloial means of cleansing the 
ftewefs. 

876. For the efficient cleansing of the streets and 
thoroughfares of a town two provisions are requisite, ^ via. 
an abundant supply of water for occasional application, 



when the 6df'-stl|)t)ly of fain k suspeflded, hhd ft"*complete 
atrangetnettt of sewers thi*ough ^hicjll to discihftfge fciU tha 
sUrface-^atet when Its purpose df cloausing has been ful- 
filled. Fot the supply bf tvftter, the fejrstem of Constant 
stipply affords the greatest facilities, gitifag an histant com- 
itiand of the required quantity. 

876. It has been ascertained hi London, that one ton of 
water is sufficient to lay the dtist over a surfUce of GOO 
square yards of gravel or niacadattiized roads, oi* of 4fJ0 
square yards Of grahite paved streets. The average number 
df days per annum In which it is fbund, from twenty years* 
experience, to be necessaiy to apply water for this purpose, 
' is abdiit l20. The common charge for this wbrk is at the 
rate of |d. per square yard fbr the season, the Water being 
applied only once per diem, dr 50/. per mile df a main road. 
The commdii assessment per hduse fbt Watering roads 
twice a day Is U. for .the season. The Cost of doing the 
same work by means of jets, supplied from the main water* 
pipes, is estimated at 5«. per house. At Nottingham, where 
the constant service of water is rendered, a chai'ge of 7s. Qd, 
per annum is made for a single street plug, by which some 
of the proprietors of shops command a rfeady supply, at all 
times, for watering Uie street in front of their own premises, 
and often of the adjoining houses also. 

SYT. Thfe scouring effect df jetS of water thrown upon 
thg sUrfkC^ df the streets Is far greater than \Vhen merely 
dropped or thrown from the perforated pipe of a water- 
cart. A single jet, supplied \^ith a force equal to throw thd 
watet vertically upward to a height of fifty feet, will, directed 
at an angle df 4b^ command an area of about SOOO square 
yards,' And this surface will be really cleansed by the pro- 
cess, IHrheread the mere distribution df the water, without 
pressure, wets without cleansing. The tnud which is formed 
on the surface of the streets, during Certain states of the 
weather Is well known to have an unctuous character. Which 
resists all cleansing action less vigdrdus than that of jets of 
watfer undef pressure. 
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378. The position of the mfiun sewers beneath the streets 
of a town aflfords ready means of directly discharging the 
waste waters from their surface. The adaptation of the 
sewers for this purpose requires inlets, at intervals, fitted 
with iron gratings, by which large substances are prevented 
from passing into the sewers. These inlets and gratings 
being situated at the sides of the carriage-way, while the 
sewer is beneath the middle of it, they communicate by 
means of transverse drains or passages, which should be 
formed with sufl&cient declivity to prevent any accumulation 
of surface-water or road-sweepings beneath the gratings. 
The narrower the interstices between the bars of the grat- 
ings are, the better. Very small spaces will suffice to admit 
the water with great rapidity, and also the mud which is 
formed upon the surface of the streets, and the narrow 
spaces are useful in preventing the admission of these mat- 
ters during heavy showers with a force which might endan- 
ger the safety of the sewers. 



SECTION V. 

ConyeyBnce of Water. — ^Piping, Aqueducts, Besenroii]^— Pumping Appa- 
xatus; Steam Dnuning and Pumping, &c 

879. For the conveyance of water from upper surfaces 
and sources to towns, open channels, or aqueducts, some- 
times afford cheaper means than the laying of piping be- 
neath the surface of the ground. In supplying water from 
these sources to some of the towns in Scotland, Mr. Thorn 
has had occasion to construct several miles of aqueducts, 
and in preference to adopting direct lines, which are com- 
monly obtained at great cost in the necessary aqueduct 
bridges for crossing valleys and other expensive works for 
meeting the difficulties presented by the natural rugged- 
ness of the country, Mr. Thom designs his aqueducts by 
winding along the slopes, however circuitous the course 
thus involved, and descending only with such a fall as will 
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allow the water to 'flow with a gentle current Aqueducts 
thus formed are simply artificial rivers, and the entire 
expense is limited to that of constructing suitable banks 
and bed for the channel. An aqueduct thus constructed 
at Greenock, passes through veiy rugged ground, and has 
cost not more than 400/. per mile. The Ndw River, by 
which a large section of London is supplied with water 
from the springs of Ghadwell and Amwell, with an addi- 
tional supply out of the river Lea, near Ghadwell, in Hert- 
fordshire, is a fine example of an aqueduct of this kind. 
This channel, the enterprise of Sir Hugh Middleton, was 
commenced in 1609, and completed in 1613. The direct 
length between its extremities is about 20 miles, but its 
actual length is 30 miles. The average annual quantity 
supplied by this aqueduct is 644,087,768 cubic feet De- 
ducting from this the larger consumers and street-watering, 
together about 33,529,400 cubic feet, the remaining 
580,558,368 cubic feet per annum are equal to about 46^ 
cubic feet per tenement supplied each alternate day. The 
reservoirs, in which this supply is stored, are equal to con- 
tain the quantity consumed in seven days, or 11,774,000 
cubic feet 

380. The city of New York is partially supplied with 
water firom the Croton river by an aqueduct 40 miles in 
length. The receiving reservoir of these works con- 
tains 150,000,000 gallons, and the distributing reservoir 
21,000,000 gallons. The supply is effected without either 
pumps or water-wheels. An interesting work of this kind, 
a suspension aqueduct, has been constructed for a canal 
over the Alleghany river at Pittsburgh. This aqueduct 
consists of seven spans of 160 ft. each, fit>m centre to cen- 
tre of pier. On .the piers are pyramids rising 5 ft above 
the level of the side walk and towing-path, and measuring 
3 ft by 6 ft on the top, and 4 ft. by 6 ft. 6 in. at the base. 
The two wure cables which support the structure are placed 
one on each side. Each is 7 in. diameter, perfectly solid 
and compact &nd constructed in one piece from shore to 
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*lior0, llt6 ft. lofig, of 1900 t^lrfeSof I in. thi^kfleS** Eftteli 
i^ire is tarnished depeUateiy, fiiid ihd ivhdle dabld hUM A 
eflose, cotnpa(jt, and cotitititious wrapping of annealed wire 
laid oa bjr inacliin^lff. Transverse beattis of iimberj 27 fL 
long, aiid 10 X in., are placed in pairs at 4 ft< Apart 
Each pair of these l)eams is suppotted on eaeh side of the 
aqueduct with a double stiitup of 1| in. toUnd itoi), 
mounted on a small daddle of cast iron, i^rhioh rests On the 
cable. Into these beams, wooden posts 7 x 7 in. at top, 
ahd 7 X by 14 in. at bottom, Are mortised. These postd 
are the side supports of the water-trunk, which is of wood, 
lliO ft. m length, 14 ft. wid^ at bottom, ahd 16$ ft; wide 
at top, and 8| ft. deep. The sides and bottom are com- 
posed Gif a double course of 2| in. white pihe, pladed so 
that each coui*se crosses the other diagonally at a right 
angl^. Th^ Extremities of the gables dd n6t extend bdlow tite 
ground, but ate connected with anchor-chdins which, in 
cutred lines, pass! through the masonrjr of the abutments. 
The bars of these chains average 1| x 4 in., and from 
4 to 12 ft. in length. They are fortned of boiler scrap 
iron, and forged in single pieces without welds. The ex- 
treme links are anchored to cast-iron plates 6 ft. square. 
The tdtttl lehgth 6f each cable and its chains is 1988 ft., 
and the Weight of both cables 110 tOtiS. The wei^t of 
water In each span (4 ft. de^p in the trough) is 295 tOtiS. 
Thd tetal solid section of anchoi* chains is 79 superficial 
inches. Defledtion df chaihj^, 14 ft. 6 in. Elevation of 
pyi^mldS ahote f)i^s, 16 ft. 8 In. The tension of eack 
wh'e is JTOe lbs., whlld Its iiltimate Wifength will b* 
1100 lbs. 

881. Cdst-ii'ofi' t)ipeg ai*e htm unWei*ally employed fot 
the conveyahce of Water. They flte fdrmed with socket 
ends, so that all neoessafy taiotion is permitted according to 
the eipansioii And contraction of the metal, caused by va- 
HatlOhs of ij&hipBtAtiif^. Ulltil the commenceineilt of Hie 
present Cefttuiy fill the Water stipplied by COtrit)anieS to 
London W^ «ahtey6d iil i^i^es bored out of elin, and at 
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£hat tiine the Ne\<r flif et OtrffipttHy tad 400 tailes of thes^ 
wooden- pipes in use. The general use ot Watei*-cloS€ft^ 
among the higher elass of tenants, about the year 1809, led 
to the projection of new companies, wbd dhd^ftdak to meet 
the growing want of water-stipply at high service, by the 
use of §team power and iron pipes, a duty for which the 
old wooden pipes were inadequate. The bore of the 
woodeii niains was from 6 to* 7 in., and of the service pipes 
3 in. The principal iron mains now vary from 12 to 30 in. 
in diametfer; the stib-mains are 6 and 7 in., and the service 
pipes tisually 4 in. The interior of the cast-iron pipes 
used for conveying water should be coated with a prepa- 
j'ation of littie-watetj to pt&vmt dorrosioti ftttd the eotise- 
qtient ifijtiflotis eflfefet upoh the quality and flfttotir of the 
water. 

382. Several methods have been adopted for forming the 
joints of iron water-pipes. Originally they were formed 
with flanges screwed together, but these were rapidly de- 
stroyed by the variations in the total length of piping pro- 
duced by changes in temperature. Socket joints were then 
introdiiced, the joining pdrts being so fonned that an annu- 
lar space is left witnih the socket, and outside the entering 
pipe, tor a ring o^ solder to be poured in, for the purpose 
of faiakiiig the joint water-tight. An improvement has been 
ededted in this kind of joint, by making the parts to fit 
^aeh other, and tiirning theiri accurately to a conical form 
so that a water-tight joint is produced without any stuffing 
or packing of fttiy kind, a little whiting and tallow only 
being used to assist the close adhesion of the parts. This 
kind of joint is so perfect that it has been adopted in form- 
ing the joints of a steam-engine suction pipe, 30 in. in dia- 
fbetdr, "With pel^ect silcces^. "Wooden pltigs of suitable 
tapefforin havfe also beeh sticfcesfefUlly and edoliomically 
applied for fohning the socket joitits of \vater-pipes pre- 
pdi'ed WiHl fin drinular space, ill i^hich they ftrd dfiven. 

889 The ^dght^ df dast^lton pi^Bs, ikA applied tot 



140 



SIZE AND WEiaHT OF WATEB-PIPES. 



water-supply, are as follows, according to the size or diame- 
ter of the bore. 
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384. In determining the proper size for pipes, according 
to the quantity to be conveyed, the following formula has 
been employed — 



15V ^ 



d, 



in which q represents the number of gallons to be delivered 
per hour, I the length of the pipe in yards, h the head in 
feet, and d the diameter of the pipe in inches. In applying 
this formula, Mr. Hawksley, Engineer to the Trent Water- 
Works Company, calculates that for supplying a street of 
600 yards in length, the total length should be divided into 
three spaces of 200 yards each, and the quantity allowed 
for each of these spaces should be respectively as fol- 
lows : — 

Gallon! per diem. 
Final 200 yards .... 13,000 

Middle 200 yards, 11,000 + 13,000 = 24,000 
First 200 yards, 8,000 + 24,000 = 82,000 

The calculation also assumes that the delivery of these 
entire quantities will take place in fom* hours, and that the 
whole of the water taken off from each length has to be 
passed to the end of that length. The delivery of these 
quantities respectively will require, according to the formula 
quoted, pipes of the following sizes : — 
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Inches. 

For the first 200 yards . . ; 6*2 diameter. 
„ middle 200 yards 4*6 „ 

, „ final 200 yards , , .3-6 „ 
Adding about half an inch to each of these for possible 
contraction by corrosion, the practical diameters become 
6 in., 5 in., and 4 in. respectively. The difference in 
the size of pipes needed for, the intermittent and the con- 
stant -supply systems is exhibited in the following com- 
parative statement: — 

Periodical Constant 

Supply. Supply. 

Mains > , 20 in. diameter 12 in. diameter. 

„ . . 7 „ J „ 

,, ' . „ > 4 ), 

Service pipes 3 „ ,2 „ 

386. Of the cost of raising water with pumps worked 
by steam-engines exaggerated conceptions are frequently 
formed, and it is therefore desirable to collect the best 
evidence on this subject, from which it appears that this 
cost is really an insignificant item, Vhen the expense of the 
power is fairly compared with the quantity of water raised, 
as appears from the table of results (page 143), as stated by 
Mr. Wicksteed : — In all these cases the coals are taken at 
12s. per ton, and all charges for working the engine, coals, 
labour, and stores, are included, but no charge is allowed 
for interest upon outlay, or repairs of machinery and build- 
ings. To raise 160,000,000 of gallons 100 ft. high would 
cost according to the 

1st statement .... £362 
2nd „ ... 238 

8rd „ .... 222 

4th „ . ' . . . 100 . 

386. Of the performance of Taylors pumping engine, 
in use at the United Mines, the late Mr. Farey made the fol- 
lowing computation: — The average duty performed by this 
engine during the years 1841 and 1842 was equal to the 
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raising of 96 J millions pounds weight of water, 1 foot high, 
by tb# ^iiftfeij^tion of 1 bushel pi qo^, M^k feusM of 
coal weighs about 94 lbs., iheacefqre ^mh lb- of coal con- 
sumed by Taylor's engine raises IfiOQfiQQ lbs. of water 
I ft. high. The unit of bor^e-powr ^^opted by Mr. W»tt, 
vi;?. a fprce equ^ to §3,0,00 lbs,, acting flirpugb » ?p«^ pf 
1 ft. per minute, ^s foi^ to biS b^lf ^ ?ni*cli mpye as ||iq 
^yer^ge p^rformanjce of .^ gox)4 dr^gbt bx)^^ ^oj^pg 
8 hours A day an4 6 day? a week. A gjte^W pngifie i/vhick 
raises 94,000,000 per bushel (as Taylor's eogine (Jpes) con- 
sumes only 1"98 lbs. of coal per hour for each horse power 
which it exerts independently of overjepming its own fric- 
tion, aad that of the pumps. That is, when it exerts a 
power equal to that of 100 horses, it consumes only 198 lbs. 
of coal p^r hour. 

387. Mr. Hawksley has furnished a aompeii^dious state- 
ment of ^is experieQce iii raieipg mi co^yeyanee pf wiuter 
fc? tl^ tovn of NPttWgli*n^, to tfiis eflSect :-^'f Tihe i^et of 
t^e^smitting water to a 4i«Mnce pf § miles, and jtp a bpigbt 
of ?00 ft., iflicluding y^#? »nd tear pf pumpipg ma^bmery, 
fijel Jabour, iftteres|i of /capiial ipyested m pii^P9, wes^iyoiw, 
en&m^y !&£., amoimts to aboiU ^d. per tPr^." The eame 
gentleman ^aleulates thp r^sistafWJe frpm &-iQ!t«m i» «wyejr 
ing water ii> pipe^ a^eo?4«ig to ibe ^muia 

P = -i 

l40iaJ> 
in which p r^presepts jthe borse-ppwer ^^ee|saary ip py^- 
come the frictiop^ I the length of t}^ pipe in ipche?^ q ihe 
quantity of water to be deliyered in one secoi^d in ga)ioi2#, 
and d the diameter of the pipe in inches. For the trans- 
mission of 600 gallons of water per second, two mains, 
each of 60 in. diameter, would be required, and the resist- 
ance arising from friction in these mains, Q5 miles long, 
would, according to tJiis formula, j:ei((j[uire about 4^0-horse 
power. The power required to rme this quantity to a re? 
^eryoir at a beigbjt of 820 ft. )you)i amjo^nt to .tbajt of gOOO 
h^rs^s uomipqily. fh^ U>t^ ppjver j^mG/i j[» f^^^ f^ 
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transmit a distance of 25 miles, through pipes, 600. gallons 
of water per second would thus equal that of 2450 horses. 
These figures are sufl&cient to show that the cost of raising 
and transmitting water by steam power is so smal} in pro- 
portion to the quantity of yf&.t&T tfcus placed at oiu: com- 
mand, that a pure but distant source may generally be eco- 
nomically applied ift preference tq supplying an inferior 
quality of water from more proximate sources. 



Description of Engines. 


Quantttyof 

Water Raised 

per Diem. 


to which 
the 


Coat of 
Raising 
IWJOGal- 
lonsiuo 


No. of 

Gallons 

Raised 100 

Penny. 


1. A tingle pumping engine,^ 
hy eoujtpn an4 Wiitt, in 
18Q9, working lOJ hpurs V 
per diem, 6 days per week, 1 
nMan power 39 ^ horses J 

(Average of 2 years' working.) 

8. fTwe stagle pumping es-^ 
gines, by Boulfon anid Wj^J, 
iu 1809, working 24 hpurs 
per diem, 7 days per week, 
m99n poirer of eaek f ogi^e 
80i Worses. ,.,.., 

(Average of 10 years* Fprking.) 

3. TwQ single pumping ep-^ 
p[ines, by Boulton and Watt, 
one in 1816, and one in 
1928, irffrk^ng 12 boars ^ 
per diem, 7 d^jB per w«ek, 
mean power of each en- 
gine 76 horses ... .J 

j[Av/Br9gf pf 10 y«(Hr^' Forking.) 

4. One single pumping en-*^ 
g»fie, by Horirey snd Co,, 
uuon the expapsive prin- 
ciple, in 1887, working 24 > 
hours per diem, 7 days per 
week; mean poHrer Q5^ 
horses ...... .j 

(Average of 4 years* working.) 


M01,U« 

4,107,816 


IPQ 

100 
110 


•m 

•SS9 
•160 


^099 

8M36 
80,000 



DIVISION in. 

DEAINAGE OF BUILDINGS. 

SECTION L 
ClAMification of Buildings. 

388. The principal classes of buildings, as subjects for 
water-supply and drains^e, are — 1, Dwellings ; 2, Manufac- 
tories ; and 3, Public Buildings. Each of these admits of 
several subdivisions, which should be briefly enumerated, 
in order to indicate the extent to which they are recipients 
of pure water and contributors of refuse matters to the sum 
total of town sewage. 

389. Dwellings are to be sub-classified according to the 
superficial area which they occupy, and the average number 
of residents whom they, accommodate, and the arrange- 
ments to be provided for the joint purposes of supplying 
water and discharging sewage are required to be propor- 
tional to these two data combined. Upon the extent of 
area the quantity of rain water will depend, and this has to 
be entered in the account in two ways, first, as affording an 
integral portion of the supply, and secondly, as contributing 
to the sum of the sewage. The principal datum will be the 
number of persons for whom water is required in each 
dwelling, and each of whom will yield an average share of 
the refuse to be removed. The calculations of Water Com- 
panies are usually based upon the rental paid for each house 
as an index to the consumption of water within it, and in 
this way they recognise an almost infinite number of 
classes. It is clear, however, that the mere rental fur- 
nishes no exact criterion of the number of occupants of a 
house. Nor would the number of rooms in a dwelling 
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show this with much more accuracy. On the contrary, it 
is well known that houses of small rental and compara- 
tively few apartments are frequently receptacles of a greater 
number of human heings than the more costly and capa- 
cious habitations of the wealthy classes. Nevertheless, it 
is afcicty that, with the present habits of the poorer sections 
of the population, the rental is generally in approximate 
proportion to the quantity of water consumed, — a fact to be 
accounted for only upon the recognised and deplorable 
principle that poverty and uncleanliness are mutual ex- 
ponents and companions in the social condition of civi- 
lised beings. 

890. We have estimated (283) 20 gallons as the average 
daily quantity for each inhabitant of a town, and have sup- 
posed this quantity * to be sufficient to allow also for an or- 
dinary proportion^of manufacturing operations, for the sup- 
ply of public buildings, and for the extinction of fires (284). 
This estimate is foimded upon the experience had in several 
towns in which the supply is considered adequate. Eeserv- 
ing the details of the appropriation of. this quantity for the 
next section, we now refer to this general estimate as the 
datum upon which the proper supply of water to dwelling- 
houses should be provided, and as being at least approxi- 
mately correct, if the service be constant, and proper in- 
ducements be offered to all classes to cultivate habits of 
cleanliness. We wduld, therefore, subdivide the First Class 
of Buildings or Dwellings according to the average number 
of occupants of each, and provide the means of water-sup- 
ply and drainage accordingly. 

391. The Second Class of Buildings, or Manufactories, 
including all consumers beyond households, admits of a 
subdivision according to the operations carried on. Che- 
mical, works, including those for dyeing, calico-plrinting, 
&c., rank high as consumers of water. Factories for the 
making of paper, distilleries, breweries, bakehouses, malt- 
ing-rooms, slaughter-houses, «tables, &c., also consume 
large quantities. Steam-engines are among the wholesale 

H 
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consumers. The chai'geHi ffiAd^ by the Nottlttgham Treat 
Water-Works Compttny irfe worth qtioUng in reference to 
the consumption of water, as their etipply is oonstafit, and 
provided for high-service, the twd essential oonditions of • 
complete water-supply. The charges for house se^ice (ad> 
corduig to Cental, varying fi'om 5L to lOOl.) are horn 5i« to 
dOi. annually, behig lOi for ibh rental *, i)0«. for WL or 841* 
fehtal ; SOir. for B9L of 40^. fetital j 49ii &r 602. tmM; 60«. 
for a rental fi'otn Ifll to 752.; i^d 60i. fof 100{» refitol. Th« 
iacidental charges fti*e as follow j«-* 

I. rf. 

Stable andone horse • < 4 

Stable ftiid moti than eno ho^l^^ for Mcli litfXM < . . .86 
CoW«, eAish «• i ..<•••• 1 e 
Warehouie»^iipWBr4i fltam • » • ' • . . , B 

Offices 5 

Gardens .SO 

jl^rivate baths in dwelling-hduseii . . . « i < k lO D 
Sidughter-hotises i . i • • * • » • 
Wftter^lbsets iii piAuu hdttMi . . » * . « • 10 

Water-closets iii warehelises, &e. . i 80 

Yietuallers' brewhouses, two brewings per week . . . . 20 
Ditto ditto, less than twice per week. . . . id 

Pipe for watering street ill front of private h6U8e • s i . f 
]^oilerS of high-preSSnre tieAm'enginei^ wefkifig 10 hdttfs pW dttjr^ 

^er horse power »..*.».•* 
Iiaoe'dressing rooms, per jrard in lefigth, lifigle ftamei . . .09 
Dittd ditto^ double frames . . . * . .10 

Bakehouses 5l. to 8 

Mult-rooms, per quarter o! malt ebiitftined in Iteepllig ciiteA . .96 
Water consumed In erection of neW bttildittgi, per yard lUpefftdal 

on plan of each story . . i . « » a • 1 
Water consumed in erection of lieitiie Walls^ pef yard superficial . 0) 
Mill-hands, for drinkitig and washing only, per indiyiduai em- 
ployed . i d 

Workhouses, including baths and Washing roomi, ptt iuditidual oh 
the average of the Whole yeat . . » -, ii .08 

The supplies to dyers, dc, are estimated and ehu^ged for 
aeooMing to the size of th« service j^ipes^ by the foUowiiig 
scale :-^ 
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uy 



DiiiBitar of Pip«« 




8upply« 



Gallons. 

90,000 

100,000 

200,000 

800,000 

400,000 

600,000 

600,000 

700,000 

800,000 

900,000 

1,000,000 

2,000,000 

3,000,000 



Cltargf. 



10 



2 12 
4 12 
10 
8 6 

10 

11 12 

13 2 

14 10 

15 16 
17 
32 
45 



The wastewater from condensing steam-engines of 500- 
horse power in the aggregate will amount to at least 1500 
gallons per minute, or 3 gallons per minute per horse 
poW6r. 

89S. Ptthlio huildinga requiring constant service are to be 
divided according to the number of residents or persons to 
be supplied. Thus, union workhouses, prisons, lunatic 
asylums, &c., are to be provided at the minimum rate of 
ftO gallons per diem for each occupant. Baths and wash- 
houses require quantities in proportion to the maximum 
number of bathers ftnd washers. Churched, theatres, and 
other places of public congregation are to be supplied for 
cleansing purposes according to the cubic contents of each 
building. In the baths, it may be estimated that a bulk of 
water measuring 6 ft in length by 1| ft. in width, and 1 fb. 
in depth will suffice for the ablution of each person. This 
quantity of water will equal 9 cubic ft., or about 54 gallons. 
The cost of supplying 1000 gallons by the Nottingham 
Trent Watcr*Works Company is, as we have seen (para- 
graph 319) 2-88rf., or nearly 3rf*, and, as this quantity win 
be adequate to supply about 19 baths, the expense of water 
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per badi will be something less than one-sixth of a penny. 
The expense of fuel for heating 100 hogsheads of water— 
sufl&cient.for 100 of these baths — ^from a medium temper- 
ature of Sa"* to 98'', including the replacing of heat lost by 
radiation, evaporation, and conduction, may be taken at 
about 540 lbs. of Newcastle coal, which at London prices 
may be averaged to cost 6«. The cost of heating each bath 
wUl thus amount to about -75(f., and including tbe water, 
*916d, or less than Id. If as much more be added for 
attendance, and a similar amount for interest on capital in 
building, and for incidentals, it appears that a hot bath may 
be well afforded at a chaise of 3 J. 



SECTION II. 



Supply of Water Levels.— Constant Service. — Quantity required.— Cisterni. 
—Reservoirs.— Filters.— Valves and Apparatus.— Piping, &c., &c. 

893. The relative levels at which water is required to be 
supplied to buildmgs in a town will necessarily govern the 
height to which the main quantity must first be raised. But, 
practically, as the entire arrangements of the supply should 
be devised to command delivery at and above the most ele- 
vated of the buildings, the heights at which the delivery 
actually occurs will be found to affect only the current cost 
of raising, or the duty to be exacted from the power em- 
ployed. And if this power be derived from steam-engines, 
its cost will appear to be insignificant in comparison to the 
space through which the water is raised. The expense of 
raising 1000 gallons to an average height of 80 ft. is found 
by the Trent Company to be, excluding interest on capital, 
less than 1|(/., and the cost, according to Mr. Wicksteed*s 
TaUe of Besults (page 143), of raising 1000 gaUons to a 
height of 100 ft. with a single pumping engine on the ex- 
pansive principle, excluding interest on capital and repiurs 
of machinery, is less than one-sixth of Id., or *16(/. Al- 
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thougli {he first cost of engines and pumping machineiy of 
this class is veiy heavy, it -will be a liberal allowance to ba* 
lance this with the remaining 'S6d.y and we shall then have 
an avers^e current cost of Id, for raising 1000 gallons to 
an elevation of 100 feet. From this it will be readily in- 
ferred how small a difference will arise from diminish- 
ing or increasing this height to the extent of 20, 50, or 
100 ft. 

394. The necessity for constant service, great as it is in 
all buildings, is still more imperative in supplying those of 
which the demand is of a variable character. In certain 
seasons, when the occasion for repeated bathing of persons 
and cleansing of apartments is greatest, these duties require 
a much larger quantity of water than will suffice at other 
periods, and this demand of course increases in the same 
ratio with the number of persons and apartments to be 
supplied. Thus workhouses, prisons, and all public asy- 
lums vary considerably from time to time in the quantity 
of water required, and all methods of supply, short of con- 
stant service, and all provision for storage, fail in one way 
or another in securing the constant and unlimited command 
of fresh and pure water. Thus, house-tanks, cisterns, and 
reservoirs, however capacious and well designed, serve tor 
receive only limited quantities ; and if these be ample for aU 
purposes, it follows that if the consumption be lessened the 
greater quantity of water will remain in a stagnant condi- 
tion, to be added to but not replaced by the next delivery 
from the main. The lower body of water in the cistern 
will thus remain slightly changed, and stirred up only, and 
in this way a lower bed of impure water, surchai^ed and 
rendered heavy with deposited matters, gradually accumu- 
lates, suffering a slow diminution by the proportion of im- 
purity which it imparts to each portion drawn off for imme- 
diate use. Pure, or fresh water is, by this arrangement, put 
altogether out of the question. 

396. In large public asylums, properly constructed, ar- 
rangements would be made for supplying a bath at least 



immi a wMk for ^wety inmate. For thifl imrpdM m instita* 
tion having 1000 residents would require weekly 54,000 
gallonB, or about 6000 oubio ft of water. And if the 
•upply be derived by a daily delivery, and the bathing be 
divided equally over 6 days in the week, a tank to hold the 
quantity for bathing only must have a capacity equal to 
1000 cubic feet, or of the minimum dimensions of 20 ilt, in 
length by 10 ft. in width, and 6 ft. in depth. The Other 
purposes of cleansing would require (allowing 30 gallons 
per diem for each individusl) 66,000 gallons weekly, Gt 
11,000 gallons daily, and a tank to be daily emptied and 
refilled of the capacity of about j^OOO ft, or measuring say 
^SO ft in width and length, and 6 ft in depth. For oon» 
tingencies, provision should be made for about half this 
quantity in addition, and thus the entire capacity oi the 
tanks should equal 4000 cubic ft., or dimensions of 80 ft 
in length by 10 in width and 5 in depth. And if the oon^ 
sumption one day be reduced onC'fourth, and the tsaka be 
not emptied before the fresh delivery, which it is practically 
impossible to e£feot-*-this quantity of stale water will re- 
main in the lower part of the tanks, and each day's reduced 
consumption will tend to increase the impurity of the water, 
unless duplicate tanks be provided, and a large amount of 
water be wasted in their periodical cleansing. 

896. In cases where the constant service of water cannot 
be obtained, and it consequentiy becomes necessary to pro* 
vide cisterns for buildings, they should be so constructed 
and furnished as to combine the operatbn of filtering with 
the purpose of storing the water. For this ptu-pose the 
best form of cistern will be that of which the bed inclines 
downwards, so that the discharge pipe may be inserted at 
the lowest point and the water always drawn from that part 
of the cistern. The material used being commonly slate, 
the bottom may still be formed in a single slab for house 
cisterns (so as to avoid extra joints), declining in both direc- 
tions. The filtering media, consisting of beds of sand and 
gravel of difierent degrees of fineness (as described in 
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Pairt I„ p. 64), will ba Arranged in bonzontal layers, exuept- 
teg the lower ena, wbioh will lie m the bottom of the ois- 
tofn, end be dressed to a leyel on its upper surface. The 
hmtui of the disehmfge pipe should be protected with a fine 
wlroegauze cap, to prevent the gravel washing into the pipe. 
BaIow this pipe another cistern for the filtered water should 
be provided of proportionate papacity, and if the process 
ba too tedious to admit of the filtration <^ all the water 
used, that for in&nor purposes may be drawQ firom a pipe 
entering the eistem just above the filtering beds. 

9d7. The superior quality of rain water in respect to its 
flof^sss, as compared with water from all other sources, 
renders it<exeeedingly desirable, in an economical view, that 
all the supply derivable from this source should be oai^efuUy 
eollected and preserved. In towns this water is commonly 
wasted, or at least allowed to subserve only the inferior 
purpose of assisting the flow of the drainage. Yet the 
quantity which might, by efficient arrangements, be com- 
xnanded of this superior water is by no means insignificant. 
The roof of a house of the average dim^isioiis of dO ft. 
(Square, presenting a plane surface of 400 square ft., receives 
at least SOO cubic ft. of rain water annually, or about 4800 
gallons. If wellHBonstrueted and capacious gutters are 
provided, ^is quantity may^ be collected wHh little loss 
from evaporation, and wiQ form a reserve stock for such 
speciid household purposes as it is peculiarly adapted for. 
This quantity shoidd be immediately received in a filtering 
tank, uid the best avdlable method be adopted of purifying 
it from the carbonaceous matters with which it becomes 
saturated in parsing through a smoky atmosphere and 
flowing over roof-surges covered with a deposit of similar 
impurity. An economical and well^devised appamtus for 
effecting this purpose, «rid applicable to private and public 
buildings of idl classes, is a desideratum yet wanting in the 
economical supply of water. 

608. All valves and other apparatus for regulating the 
admission and use of water in boiidbigs are required to be 
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constructed in the simplest and most efficient and durable 
manner. Complicated contrivances are utterly inadmissible 
to be entrusted to the ordinary carelessness and inattention 
with which these things are treated in separate households. 
Apparatus of costly construction will never receive the 
sanction of landlords, nor will temporary tenants incur the 
charge of expensive repairs, or devote regular attention to 
keep ball-cocks and similar appendages in working order. 
And in proportion as the rental of houses is less, these 
difficulties are increased. Landlords become more par- 
simonious, and tenants less interested and more neglectful. 
In this point of view the advantages of constant and high 
service are rendered more conspicuous than in its applica- 
tion to tenements of a superior class in which a higher 
rental enables the landlord to be liberal in the construction 
and appliances of the building, and the tenant shares his 
disposition to preserve their proper action in order to secure 
his own, comfort and convenience. 

899. If the rain-water be not collected for household 
cleansing purposes, it should at least be made as efficient 
as possible for scouring the house-drains. An apparatus 
for this pmpose has been suggested by Mr. W. D. Guthrie, 
a gentleman who has paid much attention to the subject of 
town sewerage, and was one of the early advocates for the 
use of small tubes in substitution for the larger drains, 
.constructed of brickwork, which were formerly prescribed 
by Commissioners of Sewers as the only form of channels 
which should be permitted access to their subterranean and 
gigantic sewers or extended cesspools. Mr. Guthrie pro- 
posed that the rain-water from the roof be conducted into a 
cistern, the lower part of which should be formed like «a 
inverted cone, and fitted with a conical valve at the head of 
a pipe, discharging into the house-drain. This conical 
valve is to be attached to a vertical chain above it, and con- 
nected with the short end of a lever to the other arm of 
which a cord or chain is fixed, and by which the valve may 
be occasionally raised from its seat, and the water dis- 
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charged from the cistern into the drain-pipe with a force 
proportional to the quantity in the cistern. From the 
upper part of the cistern a waste pipe is to descend exter- 
nally and communicate with the drain pipe helow the valve, 
so as to prevent the cistern overflowing, in case the water 
accumulates faster than it is discharged ; the lower end of 
the waste-pipe hemg trapped, to prevent the effluvium in 
the dram-pipe passing into the cistern. 

400. One of the most important of the occasional ser- 
vices for which a supply of water is required for application 
to huildings is, the extinction of accidental fires. For ex- 
tensive huildings, such as warehouses, factories, and work- 
rooms, tanks have heen suggested, and, in some cases 
adopted, in which a considerable quantity may he con- 
stantly stored and ready for instant application for this 
purpose. This arrangement is, however, scarcely applicable 
for private buildings, and, where it is employed, the quan- 
tity commanded is of course limited, and can never be 
safely trusted to as affording an adequate supply for ex- 
tinguishing the fire. In this application of water, again, 
the system of constant service offers great advantages. 
Thus, if the mains are kept always fiUed, an adequate 
supply is at all times at hand in every direction, and the 
grievous losses and dangers incurred by delay in obtaining 
water on these occasions are avoided. 

401. The combination of high service with constant ser- 
vice in the supply of water also affords the means of in- 
stantly applying jets of water upon the fire until the fire or 
puraping-engines arrive. These jets are thus available as 
substitutes for the engines, and the experiments made to 
ascertain the height to which a jet of water wiU rise firom 
the main and service-pipes under a fixed pressure, have 
shown considerable facility in applying jets for this purpose 
and a corresponding efficiency in their action. The 'prac- 
tical limitation to ^is mode of delivery appears to arise 
from the extent of supply required, the economy of the use 
of jets depending upon the amount of pressure that can be 

H 8 
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obtainedi, itad fhe flmall number of jets whidb wlU tuftea 
fer tlie extinction of the ^m. The ftvaiifthle power in Uifai 
case is fotind to deereaee in pro^ordon to the extent to 
which it is employed, and the lose bj frietion in the leather 
hose redtices the delivery, and, eonsequenlly, the height or 
force of the jet, S^ per cent, for every 40 lineal flsetof hoee 
throfigh which the water passes. The importanee of the 
results of the experiments with jets here referred to will 
justify a brief account of them in this place. They were 
tried on the 81 st of January, 1S44, upon jets supplied from 
the mains and services belonging to the Southwiuric Water- 
Company, under a fixed pressure of IftO ft. 

The first experiment was made over en extent of 800 
yards of 7 in. main, which were connected with 600 yards 
of 9 in., this length being joined to 200 yards of IS in., 
continued by 550 yards of 16-ineh main to the great mahi 
leading from tiie Company's works at Battersea, the total 
distance fi-om the works to the experiment being 6500 
yards. The heights to which the water was thrown irom 
Sj-inch stand pipes, with 40 ft. of hose and a f *ineh jet, 
were as follows :— 

With 1 stand pipe the water rose 60 ft. 
3 „ » 45 „ 

3 „ „ 40 „ 

4 „ . »* ^^ »' 
6 ,f H 30 „ 
6 „ „ 3Y „ 

When all the fire plugs on the main were closed, except 
the first and one 2i-iDeb stand pipe, and 100 ft of hose 
* with a I'ineh jet applied, the water rose to a height of 40 ft. 
The quantity of water delivered from the same (7 in.) 
main through one stand pipe, and different lengths of hose, 
was as follows :--7 

With 40 fW of ben . . . « Pdga]jMisiD{»9fecoBd0, 
« BO „ • » 11% „ 65 f, 
vUO „ . . • , US „ 70 „ 
„ 40 ft. and 2l-in. jet . . . IIS „ 27 „ 



TIm teednd •xperiment wius mftda wldi a 9Aneh mftin 1400 
yards in length, joined to a Ift-lnch mafa of 1000 yards in 
lengtli, and at a distineo of 6650 yards from die works. 
The stand pipes used were (2| in,, Ihe hose 40 ft. long, and 
<he Jet I Inch, as before. 

With 1 Btfind pipo ihe w»ter rose , . . . . 60 ft. 

„ 2 „ „ i , inpereeptible diflierenee. 

>» 4 „ „ 45 ft. 

» 6 #• It . * , • * 40 ft, 

The ^iiiantiijr deliY^ed with the same pipes, length of hose, 
md ai«s of jet, being 

iriHk I «tMi4 piyt ' • • 11^ SiiUBi in «^ fcumiM. 

fp Q 9$ P9 * • * » li2 If 73 t$ 
These experiment with the two sizes of main-pipe^ wiU 
indicate the r^te At which the ij^uaotity is diminished by 
the friction of the water in smaller pipes, a result confirm^ 
by another experiment made with the addition of aoo yards 
of 4-ioch 3ervi5e and WO yw^ds of i5-in<jb pipe to the i^'inch 
main last referred^io. The hose, 40 ft. long, and the jets 
I inch, as before. 
Willi di-iB«]b 0ftiAd pip« 6»«d OS fk» i-m^ senri^ aesr tlie ^n^ii 

pip9, th« water JWf e » . v t , « » » 4p ft. 
With 2 do. do. do. . . . 31 ft. 

Whli 1 do. fixed at end of serrSce, ot 200 yards from 

6-ifie1i pipe ; flie water reee 84 ft. 

WUke 4d. d». 4#* . . 2Bft; 

Th0 ^pMs^ty ddiivered in eaeh of these last Ibur cases 
being respeedvely as follows:-— 

llf^ gallons in 8Q seconds. 
IIT „ 108 „ 
ua „ «0 „ 
114 „ lis „ 
40a. In an interesting paper by Mr. James Braidwood, 
upon flie means of applying water for the extinction of 
fires, read at the Institution of Civil Engineers, it is shown 
that elevated tanks for a reserve of water for this purpose 
should be adapted to contain 176 tons of water for each 
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fire-engine to be employed. This allows for six hoars 
working of an engine having two cylinders of 7 in dia- 
meter with a stroke of 8 in., making 40 strokes each per 
minute, and fitted to throw 141 tons of water in six hours; 
and, allowing one fourth for waste, the supply required will 
be as stated, 176 tons. In the case of a large building, 
provision should be made for working ten engines for this 
period, and the quantity required will be 1760 tons, or 
63,360 cubic feet of water. From this calculation, it will 
be evident that the dimensions of the tanks would be 
enormous. If steam engines can be commanded upon the 
premises to maintain the supply through the mains, the 
reserve may be reduced to a consumption for two hours, 
before the expiration of which time it may be expected that 
the engine could be got to work. This provision is such 
as may be supposed requisite in dockyards and for large 
stacks of warehouses, nnanufactories, &c. 

403. In the town of Preston, the advantages of the con- 
stant and high service have led to the general use of jets 
and the comparative disuse of engines for the extinction of 
fires. For this purpose the hose is carried upon a reel, 
and should be fixed upon a light spring cart, by which the 
ladders may be also conveyed. The ladders are found to 
be invaluable appendages for the economical application of 
the hose without the engines, because the higher the water 
is carried upward in the hose, that is, the higher the nozzle 
of the hose is placed, the less is the resistance suffered from 
the atmosphere. If a jet forced by a pressure of 100 ft 
attain a height of 60 ft. when delivered at the ground level, 
it will still attain an additional height of 20 or 26 ft, when 
the nozzle is carried up these 50 ft., and the discharge will 
then take place at a total height of 70 or 76 ft. from the 
level of the ground. And another advantage derived from 
carrying the hose as high as possible is, that of command- 
ing a more effective disdiarge of the water than can be 
obtained when the direction of the jet is conducted on the 
ground. 
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404. The piping for the conveyance of water to buildings 
bas to be graduated in capacity according to the quantity 
required, in the same way that the mains and service-pipes 
are proportioned to the extent of district and number of 
buildings they are intended to serve. In supplying towns 
with drainage water collected in high reservoirs, and thence 
conveyed by aqueducts to '* distributing basins," Mr. Thorn 
adopted a general system of piping, which is so arranged 
that the water shall always flow within them in one direc- 
tion, entering at the upper and passing to the lower end. 
At the lower end of each range of piping a cleansing cock 
is provided, by opening which occasionally any improper 
accumulation within the pipe may be removed. The pipes 
are kept constantly full, and laid at a minimum depth of 
3 ft. below the surface of the pavement. In some cases, in 
order to provide very fine cold water to private houses, an 
iron cistern, to hold about dO gallons, is sunk 8 or 10 ft. 
below the bottom of the cellar, and supplied with water 
through a small, lead pipe entering it at the top, while the 
water is drawn off for use through another small pipe, 
inserted a few inches above the bottom of the cistern. It 
would appear, however, that the cleansing of cisterns thus 
situated must be a somewhat troublesome duty, and the 
.means of regular access to a cistern so deeply sunk in the 
ground must involve a considerable additional expense in 
construction. 



SECTION III. 

Yarieties of Hana&ctnres and best aTsilable Methodf of Diainiag. — 
Arrangement of Separate and Collective Diaint. — ^ProporUon of Area of 
"Dtain to Cubic Content! of Dwelling-Honves. — Fall of Drains. — Mode of 
Conttmction. Connection with Main or Collateral Sewers. — Means of 
Access, &c.y &c 

405. The several operations carried on within a building 
devoted to manufacturing purposes should afford the data 
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tipon whidi to determfxM ilio «xtent of dsiaiiiAge reqimed, 
but the moet ready wwjr of estttiitttiiig tha aiDOimt of refvm 
vraters produeed, wlU be raaehed ij Miuming this to equal 
the supply of water rendered to the baildfaig. The iqppli' 
cation of the ecune role to domeetic buildinga or dweUingi 
admits of a more exaot eaieulation as to tho <Mipaoitjr of 
drains required, but these must ell alike be gov^mad by 
the principle, that ample eapacity for immediate dsecbarge 
is to be sought, with due regard to the 1$£t that all passaget 
for the conveyance of iiqtdd or semi-liquid matters are effir 
cient in proportion to the nanowness of the iurfiiee oyer 
which these matters ace required to flow. Thie U ose of 
the most important results yfthiA recent inquiries have f«^U^ 
blished. Sewers and drains were formerly demised with the 
single object of making them large enough, by wbioh it was 
supposed that their full efficiency was seeured. Butsluggisbr 
ness of action is now recognised as the eertain consequenes 
of excess of surfkce equally as of defieienoy of deelinatioo, 
A small stream of liquid matter oEtendad orer a wide sur^ 
face, and reduced in depth in proportion to this width, 
suffers retardation from this curcumstanee as weU as fiom S 
want of declivity in the current Henee a dfato wbiob is 
'disproportionally large in eompariion to the amount of 
dndnage, becomes an inoperative apparatus, by reas^ of 
its undue dimensions ; while, if the same amount of ^raiar 
age is concentrated within a more limited chanaoU a gi^ater 
rapidity is produced, and every addition to the contents of 
the drain aids, by the Ml foree of its graidty, in propelling 
the entbe quantity forward to the point of discharge. 

406. There are four conditions' which are to be regarded 
as indispensable in the eonstructioo of flU dwns from all 
buildings whatsoever. These eondtiioos vm-^Vmi. That 
the entire length of drain is to be eonstrueted and main- 
tained with sufficient declivity towards the discharge into the 
sewer to enable the average proportion and quantity of • 
liquid and solid matters committed to ii to msintaiii a eof^ 
slant and uninUmtpted moHon, so that stagnation shall oowr 
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oeew. S^eond. Tlutt the entim hmglk of dram ii to be 
^onstruetad and maintained in a condition of eompleu imptt^ 
meahUiiy, no that no portion of the matters pnt into it aiudl 
AOoidentaHy eecape from it. Tliird. That the bead of the 
drain shall be so efficiently trapped that no gaeiibas or volatile 
pr(^6rties or products can possibly arise from its contents. 
And, Fourth. That the lower extremity of the drain, or ^ 
point of its commanicatlon with the sewer, shall be so pro* 
perly, completely, and durably formed, that no interruption 
to the flow of the drainage or escape shall there take place, 
and that no facility shall be offered for the upward progress 
of the sewage in case the sewer becomes surcharged, and 
thus tends to produce such an effect. 

407. These conditions appear so simple in their state* 
ment, that we are disposed to regard them as self«ndent 
necessities, yet an acquaintance with the details of house- 
drainage as commonly regulated reveals the fact that they 
have been generally neglected, and that, at the best, the at- 
tention (h^ have received has been most unwisely crippled 
by eonsiderations of cheapness in first cost at the expense 
of permanent economy and useftilness. Thus we know 
that house drains az« frequently laid with very imperfect 
fall, not sufficient indeed to propel the matters sent into 
them except with the aid of gushes of drainage-water; thai 
diey are often composed of defective and earelessly»built 
brickworic with wide joints of sandy mortar; that the head 
of the drain is commonly untrapped ; and that the entire 
formation is badly designed and defectively executed. We 
•will endeavour to show the arrangements by which the effi^ 
cient action <if the separate drains of houses and other 
buildings is most likdiy to be secured. 

408. The utmost practicdile deelsTity being obtained in 
€he direction of the drain, the efficiency of its action will 
be further much controlled by the construction adopted 
and the kind of sur&ee presented to the sewage, ilny 
roughness or irregtdatity In diis sorfeea will of eonme iix^ 
pede the pass a g e of the s ew i g e, and faepeeari«es^n4ieea- 
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sity for the greatest care in the constraction, whatever the 
material and kind of formation. The first step in the 
arrangement is, to collect the whole of the draint^e to one 
point — ^the head of the intended draining apparatus, and 
the determinlttion of this point requires a due consider- 
ation of its relation to the other extremity of the dnun at 
which the discharge into the sewer is to take place. In 
huildings of great extent this will sometimes involve a 
good deal of arrangement, and it will, .perhaps, hecome de- 
sirable to divide the entire draint^e into two or more points 
of delivery, and conduct it in so many separate drains to 
the receiving sewer. The length of each drain being thus 
reduced to a manageable extent, the necessary fall will be 
more readily commanded, and the efl&ciency of the system 
secured. 

409. The cost of constructing these minor works, and 
also the main sewers with which they are connected, is so 
enormously aggravated by the depth to which they are fi:e- 
quently laid in order to accommodate the basements of 
buildings, that, for the sake of economy, basement-drainage 
should either be altogether abandoned or so modified that 
efficiency shall never be sacrificed in a vain attempt to re- 
concile the depth of the basement with the position of the 
sewer. In arranging the drainage of buildings, therefore, 
the head of the drains should be kept at the minimum 
depth which will suffice to sink the construction beneath 
the surface. We have aheady (d53),expressed a conviction, 
that a thoroughly perfect and economical system of town- 
drainage must recognise this as a leading principle, and 
under this conviction we could not be satisfied to admit 
the difficulty now experienced to be one which should en- 
cumber our proceedings so as to involve comparative inef- 
ficiency in action and extravagant costliness in construction 
and repairs. 

410. Although it is not within our province in this place 
to discuss thd governmental measures which would be re- 
quired to authorise and direct such an adjustment of the 
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details of private drainage as would be necessary to insure 
their conformity with the principle here advocated, we may 
be permitted to observe that this- direction was, to a con- 
siderable extent, assumed and exercised by the old Com- 
mission of Sewers, who always declared their authority in 
prescribing the manner in which private drains should 
alone be allowed to conunimicate with the sewers under 
their jurisdiction. These prescriptions determined the 
rate of declivity, the relative levels, and the dimensions of 
the drains, and were enforced by the Commissioners* exe- 
cution (by their contractors) of that portion of the work 
which joined with the sewers. The regulations enforced 
in the City of London (and which, from its independence 
of the new consolidated commission, are, it is supposed, 
still enforced) are based upon the following calculation, the 
stated principle being that "A house cannot be called 
effectually drained unless the water is taken away from the 
floor of its lowest story."* 

Ft. In. 
Take the least height which a basement story ought to be . .70 

Thickness of a timber flooring on sleepers 

Covering of the drain, saj brick flat 2| 

Height of drain inside 9 

Current of drain inside the premises, say, 1 in, to 10 /t for a house 

50 ft deep 5 

Current outside the house, «. e. in the street . - . . . .08 

Height of cross-drain abore the bottom of main-drain, at least . 6 

9 lOJt 
This would give (0 ft. 10| in., or) 10 ft., at the least, 
depth from the surface of the street to the bottom of a 
mam drain (of 18 in. diameter), and this may be fairly 
assumed as the least depth at which a private house of the 
most ordinary description can be effectually drained ; but 
this considers it only as for the drainage of one house. 

* It should be borne in mind that this principle becomes impracticable if 
the lowest story of any house should, at the free will and option of its 
owner, have another " lower deep ** excavated below it, a practice which hat 
been indulged in in the fbrmation of some of the leviathan wanhouses in the 
City. 
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<<Wh«n ft MriM of housat, nituftte io ft pubUe wtgr, 
inhftbited hj some who will me, ftnd Bomo who will not 
tite, ft drain hxtly, if to bo dmixied, tho quofitUm hfts to h% 
lookod ftt differently. 

Pt IB. 

'' y«r » retell fliop, in whUb t1i« iNiMioMt story ii often mod $» • 
w»r«hoQ«0| U cannot bo weMonablo to i»j (hat the itory ibftU 
not b« 1m« in height tb^n f > * • • r ,86 

Flooring . , , 9 

Covering of drain 2} 

Height of dmin 18 

CvfMit initdt • • (I 

Current fi|tttd» . « t . . , , . . .08 
Eeight above bottom of cpounon fewer , , , , » I 6 

12 10| 

'^Ab it ma^ be said thftt a story of less height might 
do as ft wftreroom, mi, m order to keep the cftlculatioa 
as low as it fairly can be kept, I would assume thftt tb# 
bottom of a common sewer ought not in any part to be 
less than 12 ft. beneath the surface of the street."* 

We have thus quoted these calculations at length, in 
order that we may be enabled to refer to the detftilft ftft- 
sumed without fear of miitaking the meaning of the offioiil 
proYisions of the Commissioners. 

411. By another of the regulations of the Commissioners 
of the City Sewers, affecting the details of the house drains, 
we find that since the year 1832 the Commissioners have 
required that their own tradesmen should be employed to 
xni^e the whole of the drains up to the front of the build« 
Inge, these drains, 15 in. In diameter, being charged at the 
rate of 6«. 6<2. per lineal foot. And the reason alleged fbr 
ihls regulation was, that the Commissioners found great 
difficulty in getting individuals to make the drains lab- 
stftntiftlly. 

419. The regulfttions laid down by the Commissioners ot 

• 'f Memwswdni/^ laid hdm the 0wirt ef Cma^imwm eC fiewii ftt 
the City of London^ &c., by their kte Sorreyor. 
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Sewers for Westminster for the constraetion of private 
drains were as fellows :— " TJbat no drains shall be laid into 
a public sewer, without a special leave for that purposf 
ftom the Commissioners. That when, such leave shall be 
obtained, the opening into the sewer shall he made, and 
ihe drain built, for a length of 3 ft from the sewer, accord- 
ing to a plan and section approved by the Commissioners ; 
the whole to be done by a workman to be employed by the 
Commissioners, and paid by the party requiring the drain, 
at the prices undermentioned :-«-For cutting through the 
springing wall of a sewer, putting in a cemented briclc ring, 
and soundly underpinning the wall round the same, the 
sum of 10s. M. for each opening. For building a length 
of 3 It. 4 in. of 9-in. barrel drain, with proper York keel 
stone, sound stock bricks and blue lias lime mortar, the 
sum of lOs. 6d. for each such length of drain. For the 
same length of 12-in. barrel drain, 19«. 6rf. The digging to 
be done at the expense of the jjarty requiring the drain ; 
and notice to be ^ven at the office of the Commissioners 
when the excavation shall have been made, in order that an 
officer may attend, and that a workman may be sent to do 
the required works. As a guide to persons about to build, 
it is recommended that the private, drain of each house or 
• other premises have a current 'not less than a quarter of an 
inch to each foot in length, making in the length of 60 ft. 
a fall of 16 in., to which, adding 18 in. for the height of 
the drain and brick arch over it, also 8 in. for the depth of 
ground and paving over the drain at the upper end, and 
12 in. from the lower end of the drain to the bottom at the 
side of the sewer, will make, in the whole, 4 ft. from the 
bottom at the side of the sewer to the lowest pavement of 
the building, being the least height necessary to guard the 
premises from being flooded by water from the sewer.** 

413. These notices of the regulations which were enacted 
and enforced by two of the old Commissions of Bewers are 
sufficient to show that the powers which may nfsm be 
requfared for instituting an entire system of house-drs^lis^S'^ 
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under public authority, or that derived from a Commission 
under the Great Seal, would h^ no new entrenchment upon 
private rights. The following order of the Westminster 
Commission declares its power to deny the right of drain- 
ing into the public sewers if the depth of the building 
would require a rate of declivity less than then deemed 
necessary to insure the proper action of the dnun : — " The 
Commissioners give notice, that whenever the lower floors 
or pavements of buildings shall have been laid so low as 
not to admit of their being drained with a proper current, 
they will not aUow any sewers, or drains into sewers, to be 
made for the service of such buildings." 

414. The regulations we have quoted are, we submit, 
sufficient to show also that the details thus prescribed were 
not calculated to contribute to a system of efficient house- 
drainage, being inadequate, in some of the several indis- 
pensable conditions before stated (406). 

416. Thus for cylindrical drains of 9 in. in diameter, a 
construction composed of the ordinaiy rectangular bricks, 
with mortar joints, is essentially unsuitable and imperfect, 
being unavoidably permeable to a considerable extent ; the 
irregularities which occur at every joint, moreover, impur 
most seriously the effectiveness of the declivity which, if 
only 1 in. in 10 ft., or 1 in 120, as allowed in the City of 
London, is, even if fully preserved, inadequate for the pur- 
pose. The Westminster allowance of a quarter of an inch 
in each foot, or 1 in 48, is barely sufficient to make the 
rapid passage of the sewage a matter of certainty. And 
drains are much more likely to act efficiently if laid veith a 
fall of 1 in 20 or 30. These regulations illustrate the two 
alternatives to which the present system reduces the prac- 
tice and the utility of house-drains. In the one division 
we have an utterly inefficient declivity of 1 in 120, coupled 
with a minimum depth of 12 fl. from the bottom of the 
common sewer ; while, in the other division, the Commis- 
sioners, with an arbitrary kind of wisdom, decline to at- 
tempt the task of draining any premises with basements 
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** laid so low as not to admit of their being drained with a 
proper current." The "propriety" of the current -would, 
however, be considerably enhanced by still increasing the 
fall of 1 in 48, which they adopted. 

416. The common occupation of the basement stories of 
houses as kitchens and water-closets, has made it appear 
desirable to depress the drains and sewers, in order to 
receive the refuse matters below the level of /these base- 
ments ; but as this object involves one or both of the evils 
we have pointed out, viz. deficient declivity and consequent 
stagnation in the drains, and a general system of sewers^ 
sunk so deeply in the ground that incomparable expense) 
and difficulty are created in construction, access, and re-' 
pairs, the purpose of basement-draining should be aban- 
doned, and practicably methods sought of delivering the en- 
tire drainage immediately beneath the surface of the ground. 
If, indeed, no practicable methods could be devised of 
doing this so as to render basement-draining uimecessaiy, 
it must of course be admitted as part of the purpose of 
house-drainage, in order to avoid the sacrifice of the healthi- 
ness of human habitations, which we all readily admit 
as the final object of the art of draining towns and build- 
ings. 

417. The selection of the methods to be adopted for this 
purpose will be dependent mainly upon the internal ar- 
i*angements of the building and the occupation of its lower 
apartments. In the first place, waUr-elosets mtut in all cases 
be constructed above ground, or, at any rate, so nearly above, 
that the discharge shall take place within a foot or so of the 
surface. However valuable the ground-floor space of any 
premises may be, sufficient room may and always should be 
reserved for this purpose, as this level is the most desirable 
for the situation of these accommodations. If placed higher, 
they cannot be so readily aided with the sewage water pro- 
duced in the domestic offices, unless these occupy a simi- 
larly-elevated position; and besides this objection, is that of 
having an unnecessary length or extent of drains above 
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the ground. Th« most desirable arrangement, therefi^e, 
is that whidi collects the entire drainage at or near the 
ground level, and there at once and immediately delivers it 
into the subterranean channels. If, however, it ifl in anjt 
case unavoidable that the kitchen and similar domestic 
offices are situated in the basement of the building, it will 
be still equally imperadve that all the sewage water shall 
be delivered into the drain at or near the ground leveL No 
sink or other apparatus for discharging refuse water should 
be retiuned in the basement, and the extra labour of ctaryz 
ing this water up to the surface level, or head of the drain* 
age, must be incurred as the penalty of this misconstruction 
or misappropriation of the building. 

418. These arrangements, although involving expense in 
the alteration of some of the existing buildings in towns, 
are not to be magnified into impracticabilities. As essential 
parts of a general system conducive to the health of the 
entire populati<m, th^ should be commanded and teiforoed 
by adequate public authority, and carried into imn&ediate 
effect without favour or evasion. And in the ocmstruetioa 
of new buildings, they should be regarded as imperative 
general orders, sanctioned by the public ^ell-being, and, if 
necessary, to be obeyed under official superintendence. 
The truth of principles and advantage of modes of action, 
established by experiment, should command theur adoption 
without opposition, from tlie prevailing squeamish reluct* 
ance to interfere with private arrangements, whiehi be it 
remembered, are, if miedkeoted, really in these matters 
public nuismices. 

419. The keeping of the basement itself of a building 
dry by draining is not, we submit, to be acknowledged as 
a prof>er purpose of a correct general system. Sufficient 
and sound construction are alone needed to maintainbase- 
ment stories of any depth in a perfectly dry conditaon, if 
eU sewage and nOn^waters are, as they should be, collected 
and discharged Into the sewers before they reftch the base* 
ment The drainiog of the iuirounding subsoil to the 
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^tktite depth of ihd foundfttion of a buUding it « want 
which eafinot Atise, if tho ^tird structure tip to the ground 
level is waterproof, which we contend it should be; the 
means of effecting this by the materials now at our ooixh 
mand, being of economical and certain application. 

450. Discarding bricliworli and all similar construotioni 
of small parts, as unsuitable for obtaining the imper- 
nmeability and smoothness of internal surface which are 
espeeially required in small drains, the current in which is 
«iOfteti reduced to a very small quantity of liquid or semi- 
solid matter, we are led to seek some tubes or pipes, which 
shall require only annular Joining at distant points» and 
thus admit of the regularity of surface which is so neces- 
sary to assist the passage of the drainage. The stonS'^ware 
is now offered as a superior material for this purpose, ad^ 
mitting of much greater eoonomy than iron, and being 
entirely free from the ohance of corrosion and permea* 
bility. By glaring the interior surface, moreover, tubes of 
this ware are made peculiarly suitable for adoption in 
forming drains; and earefhlly^made socket johits laid in 
the direction of the current are cheaply executed, if 
moulded conically and luted with a little Cement of best 
quality. 

451. The size of the drain-pipes has to be graduated 
according to the quantity to be passed through them, limited 
in the ihinimum extreme so as to avoid stoppage-from the 
excessive bulk of the sewage matters, and in the maidmum 
extreme so as to obtain all the rapidity of progress of which 
a small stream of water is capable, retarded by the friction 
of the surface over which it passes. For moderate-sised 
houses, Say of eight rooms, and holding some five or six; 
persons on an average, a tube of 5 in. in diameter will 
Suffice for the house-drain. The area of the drain may be 
proportional to the cubic contents of the house, but if so, 
in diminishing ratio. That is, if a 5*ln. pipe Will be large 
enough for an average-sised house, a pipe of double the 
fttea of such a p^o will not be required for a houB* ^^ 
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double the cubic contents, or holding double the average 
number of persons. A 6-in. pipe, laid with sufficient M, 
will be ample for the most capacious private house. And 
from 9 to 16 in. will, under a similar condition, be sufficient 
to serve the avenge drainage of factories and other lai^e 
consumers of water. 

4^2. The trapping of the head of the dndn, so as to 
prevent the ascent of smell and impure gas from the drain 
into the building, is the next indispensable requirement in 
the draining apparatus. So many contrivances have been 
applied for this purpose, that we will not attempt to make 
a selection ; and it is beyond our limits to give any general 
list or detailed description of them. Simplicity of con- 
struction and permanence of action are, of com*se, required, 
with the least original outlay at which these qualities can 
be obtained. If only one i^ter-closet is to be provided 
for, it will be desirable to gather the discharge from it and 
from the house-sink, &c,, into one trap at the head of the 
drun. If two or more closets are to be served, so many 
separate traps will sometimes become indispensable. But 
for every separate inlet to the drain, which is equally an 
outlet for smell and gas, an efficient trapping apparatus of 
some kind is requu*ed. 

423. The lower connection of the house-drain with the 
public sewer is the last point of importance to which we 
have to allude.' A perfect construction of this portion of 
the work has always been recognised as an essential feature 
of good drainage, and the Commissioners have accordingly 
stipulated that its execution should be entrusted only to 
their own contractors, and be subject to the inspection and 
approval of their own officers. The level of the bed of the 
drain must be kept as high as possible above that of the 
receiving sewer. If the sewer be also constructed of the 
glazed stone-ware piping, lengths of it may be introduced 
at convenient intervals, having outlet sockets for receiving 
the ends of the house-drains, and those being slightly ta- 
pered or conical in form will Be readily jointed with a little 
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of the best blue lias cement or other of equal quality. If 
the sewer be constructed of brickwork, a good joint will be 
obtained by introducing a separate socket of stone-ware to 
receive the house-drain pipe, and formed with a flange at 
the other end to surroimd and coyer the opening in the 
sewer, which can then be made good with a ring of cement 
carefully applied. 

424. Means of access to house-drains are always desir- 
able in arranging the details of the apparatus. And this 
constitutes another reason against the deeply-sunk drains 
required to serve the basement story of houses. If the 
drains be constructed of glazed stone-ware pipes, carefully 
jointed, and laid in directions as nearly imiform as possible, 
the process of artificial cleansing and raking (should it ever 
become necessary) will be much facilitated. If any angu- 
lar turns are formed in the direction of the drains, it will 
be worth while to consider the practicability of fitting a 
movable cover at the angle, by reinoving which, direct ac- 
cess should be afforded to the two branches of the drain. 
A long pliant rod with a stiff brush or scraper at the end 
could then be readily introduced into the drain, and, if ne- 
cessary, these means of access by trap doors and remov- 
able covers should be afforded at intervals throughout each 
extended length of drain, so that thorough cleansing from 
the head of the drain to the outlet in the sewer could be 
performed as frequently as might be found requisite. Under 
a complete and efficient system of drainage the task of pe- 
riodically examining the separate drains from the buildings 
would be ordered and performed with all the regularity and 
readiness of a necessary duty, and the drains would be 
maintained in a state of constant instead of intermittent 
cleanliness. 
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SECTION IT. 



WatBi>clo8eU ; Arrangement and Constructtony— Adaptation to TBtioiu 
eircumstancea. — Combined Arrangements for Efficient House-Drainage. — 
Miscellaneous Apparatus and Contrivances. 

425. The, best position for a water-closet in any building 
is that in which all the waste water shall be made the best 
use of in scouring the contents directly through the pan 6f 
the closet, and propelling them forward through the private 
drain into the common sewer. And since the matters dis* 
charged into the closet will be, if the house drain is re<* 
served for its proper uses, more solid and less readily con^* 
veyed than the other sewage matters, it will, moreover, be 
desirable to place the closet as near as possible to the point 
at which the drain discharges into the sewer. The velocity 
and force of the liquid sewage are increased at the lower or 
sewer end of the drain, &nd its effect is thus augmented in 
scouring away the contributions of the closet But if this 
preferable position cannot b^ commanded for the closet, it 
must, at any rate, be so situated with regard to the head of 
the drain and the inlet for the liquid sewage, that these 
i^all be behind 6r above it. When the closet and the 
house-sink are near to each other, the water from the latter 
may be conducted directly into the trap or basin of the 
closet, and thus secure at once a rapid discharge of iU 
contents and a constant supply of liquid to preserve its 
action and eifficiency. 

426. The rudest form of douiestic accommodation or 
open privy over a cesspool is a contrivance which deserves 
notice only on account of its several imperfections, and 
which will, it may be hoped, be soon reckoned among the 
obsolete mistakes of our forefathers. These cesspools are 
sometimes mere pits or holes excavated in the ground, and 
the contents of course rapidly permeate the surrounding 
soil; by which process pits of this kind frequently are 
found to drain themselves, the *perviousness of the material 
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peimitting ^e escape of the sewage, so that little accumu- 
lation takes place within the pit itself until the whole 
neighbourhood becomes folly saturated with the drainage, 
which will then ooze through and appear upon the surface, 
or find its way through some defective foundation, and poi- 
son the basement of an adjoining building. Constructed 
cesspools formed with brickwork of substantial quality will 
prevent this saturation in proportion as their walls are care- 
fully and imperviously built. The matters daily discharged 
into these depositaries accumulate, and their decomposition 
is constantly proceeding and engendering gases of the most 
noisome and pestilential kind. The open privy formed 
over a pit of this description affords an outlet for the escape 
of these ^ases, which are thus regularly supplied to the 
buildmg above or adjacent to the closet If a trap or water 
basin and pan be applied to this privy, so that the pan dips 
into the trap, the escape of effluvia may be prevented so 
long as the trap is kept supplied with water. The supply 
of water for this purpose will, however, considerably aug- 
ment the bulk of the sewage, and necessitate deansing 
much more frequently than otherwise, unless some defect 
in the joints of the work afford a passage for the liquid 
matters in the surroundhig strata, or a communication be 
afforded with a drain. In this latter case of combination 
of a cesspool with a drain, a waste pipe may be laid from 
the former into the latter, so that the contents of the cess- 
pool shall always be maintained at the same quantity and 
depth ; the trap may then be dispensed, with by attaching 
a vertical pipe to the lower part of the pan, so that this 
pipe shall dip into the sewage, and being thus constantly 
kept below its surface, no gas can pass upward through the 
pipe. The cost of the pan or basin and pipe required for 
this contrivance^ if of stone-ware, will not exceed ld«. in 
addition to that of a common privy, and its advantages in 
preventing the escape of effluvia are obvious. The sim- 
plest and cheapest form of trap and basin is that in which 
they are formed in one or two pieces of the stone-ware, 

I 3 
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and may be purchased at about 7«. 6d, together. Allowing 
6$, 6(2. for the fixmg, and also providing and fixing a short 
length of pipe of the same material to connect with the 
trap so as to dip into the sewage, this complete trapped 
apparatus may, at a cost of 13^., be added to a common 
privy over a cesspool, so as to prevent to a great ex- 
tent the escape of effluvia into the house or adjacent 
building. 

427. The great importance, however, of avoiding all 
sources of unwholesome and offensive effluvia, and of pre- 
serving the foundations of the buildings and the substrata 
of the soil of a town in a dry and clean condition, creates 
a severe necessity for relinquishing cesspools, and all recep- 
tacles for sewage, within or connected with all buildings 
and places whatsoever, except those to which it is con- 
ducted for the purposes of collection and treatment. The 
sole purpose of all house apparatus of water-closets, sinks, and 
drains, and of dU pvhUc constructions of branch or tribuiury 
sewers, and main sewers, should be that of affording a passage 
for the conveyance of the refuse waters and other matters pro- 
duced in a town. This conveyance should be immediate, every 
particle committed to the entire ramification of passages being 
preserved in ceaseless motion until it arrives at the final collect- 
ing place, 

428. Discarding cesspools upon these grounds, we are at 
the same time led to the principle which should govern the 
whole of the details of house-draining apparatus, which 
should be so arranged and combined as to afford the fewest 
possible inlets for effluvia from the matters committed to 
the drains, and to make the total of the liquid refuse useful 
in advancing the current within the drains. The position 
of the water-closet being determined (425), it becomes desi- 
rable to select the most economical and efficient construc- 
tion for it, and for the apparatus connected with it. 

429. We have akeady (422) stated that the head of 
the drain, and every inlet to it, requires to be fitted with a 
trap to prevent the escape of effluvia, and this will equally 



WATEU-CLOSBT APPARATUS. 173 

fonn an indispensable part of tlie closet apparatus. The 
perfect action of the trap will demand a means of supplying 
^bXbt on each use of the closet, and although all possible 
advantage should be taken of the house-sewage water in 
promoting the action of the drains, a separate and constantly- 
commanded source should be provided for this purpose. 
K the supply of water to the house or building be rendered 
upon the constant service system, a mere tap will be suffi- 
cient to afford the means of discharging a volume of water 
through the trap of the closet. If the water be supplied 
upon the intermittent system, a cistern or reservoir of some 
kind, provided for the house supply, must be made to com- 
municate with the pan of the closet by a pipe with a valve 
and apparatus, for working it. For general use it is espe- 
cially desirable that economy and simplicity be combined 
in the whole of the apparatus of the closet. Delicacy of 
adjustment, requiring a complicated arrangement of parts, 
and a corresponding costliness of construction and repairs, 
and carefulness in management, is inadmissible in a design 
adapted for general adoption ; and combinations of levers 
and cranks, liable to accidental derangement and injuiy by 
roughness of treatment, are therefore to be avoided as much 
as possible. The position of the cistern in relation to the 
closet will affect, in some degree, the force and efficiency of 
the volume of water discharged on each occasion; and, if 
the supply of water to the building be constant, the service- 
pipe should be so conducted over the closet that the tap 
can be conveniently placed for admittuig the required quan- 
tity to the pan. If the supply is obtained from a house- 
cistern, this must, of course, be placed above the pan, and 
at such elevation that the water may acquire a sufficient 
impetus to flow with rapidity. 

430. The glazed stone-ware basins or pans, with syphon- 
traps combined, before referred to (4^6), are the most eco- 
nomical and effective for general purposes. These are made 
m several forms : viz. with the pan and trap in one piece, 
and adapted to communicate either with a vertical or alaorv 
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zontal drain ; with a separate trap, having a screwed socket 
on the head in which the lower part of the pan is receiyed, 
being formed with a collar and screwed end ; or, as a some- 
what more complicated arrangement, consisting of a trap 
with a flanged head and a separate dip pipe haying a pro. 
jecting flange about its mid-length, and a spreading mouth 
above, into which the lower part of the pan is fitted with 
cement. The dip pipe, extending downwards into the trap, 
below the level at which its contents flow out, is secured to 
the head of the trap by bolts passing through the holes in 
the flanges. The reason for making the pan separate from 
the dip pipe would appear to arise from a diflficulty in form- 
ing them together with the wide projecting flange so as to 
give sufficient steadiness to the pan above. This latter 
form was designed especially for prison use, under circum« 
stances which do not allow of any fixed seat or fi-aming 
above to which to secure the pan. The previous forms are 
found to answer all purposes in cases where this kind of 
support is afforded, and are preferable for their fewer num*. 
ber of parts. The pan in each of these fonns of conBtruc- 
tion is provided wilh an aperture and inlet at the upper 
part, having a socket to receive the water-pipe. They are 
retailed at the price of 7s. fici. each, and recommended by the 
present authorities in drainage matters. 

481. The combuied arrangements for efficient house* 
drainage comprise, besides the means of adequate water 
gupply, as explained in secdon II. of this Division, the 
water-closets, house-smks, and drains in which the matters 
committed to the closets and sinks are conveyed and deli* 
vered into the public sewers. And if the rain*water Mling 
on the roof of the building and on the yard or space 
attached to the house, is not applied to any other purpose, 
it will have to be conducted into the dhhx to be discharged 
with the sewage. These waters being the purest of the 
contents should be received as near as possible to the head 
of the drain, and made to traverse its entire length, and 
thus exert all the cleansing action of which they are capable. 
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The house^ink or place at which the ordinary waste water 
of the household is discharged should communicate with 
the drain at a subsequent part of its course, and the closet 
be so placed that its contents shall traverse a minimum por- 
tion of the drain, thus reducing the liability to the escape of 
effluvia, and deriving the greatest scouring force from the 
accumulation of the rain and house waters. The drain 
being formed as a complete and impervious channel receiv- 
ing the entire sewage and waste waters of the premises, 
made easy of access and examination, and provided with 
traps at eveiy opening or inlet for receiving the drainage, 
may be graduated in size from the one extremity to the 
other, and, if of considerable length, it may be provided at 
intervals with self-acting valves or traps to prevent the poS' 
sible return of any matters, waters, or gases, from the lower 
towards the upper end. 

432. Self-acting valves or traps are constructed of the 
stone-ware ; and the rsbres being hung at a slight inclina- 
tion, and well fitted with a rim on the meeting surface, 
they remain elosed i^ahist any retrograde movement of the 
sewage or gases, but are readily opened by a slight foroe 
of water in the outward direction of the drain. Sink traps 
are also formed of this material, with perforated heads 
or covers, and syphon bends below, which, remaining filled 
with the drainage water, prevent the escape of any effluvia 
from the drain into which they give access. 

433. Beside the socket drain pipes of glazed stone^wara 
which we have described, another material, known under 
the name of '* Terro-metailic," has been applied in the pro- 
duction of a superior quality of piping, which is manufac- 
tured in cylindrical forms both with socket ends and plain 
butt ends, and also in a conical form with plain ends, the 
cones fitting one another so that tlie joints are similar to 
conical socket joints, and may be made to fit with a great 
degree of exactness. The material of these pipes is of the 
same quality as that used in making fire-bricks, and has an 
extreme density with a very durable glaze upon the ^urfa^* 
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The prices of these pipes at the Tileries, Timstall, Staf- 
fordshire, where they are manufactured, and in London, are 
as follows : — 

Tebbo-Mbtallio Drain Fipis. 



Diameter 
of Bore. 


Plain Jointed 
Cylindrical Pipes. 


Conical Pipes 
to Fit one another. 


Cylindrical Pipes 
with Socket-Jomts. 


Price per 
Foot at 
Tunstall. 


Prieeper 
Foot in 
London. 


Price per 
Foot at 
Tunstall. 


Price per 
Foot fa 
London. 


Price per 
Foot at 
TunstaU. 


foot in 
London. 


lDCh«f. 

2 

3 

4 

6 

9 
12 
16 


t. d. 

2 
2f 
3f 
4 

6 

1 2 

2 8 


«. d. 

3 
4 
5 
6 
11 

2 IJ 

3 9 


«. d, 
2| 
3 
31 
4* 
8 


«. d. 
3| 
5 
6 

9 

1 2 


«. d. 

0*81 
4i 
6 

9 

1 4J 

2 6 


s. d, 

o'si 

6} 

9 

1 3 

2 3 
4 



Carved and Junction pipes in the same material are cbaiged at double the 
prices of the cylindrical pipes. 

434. One of the most valuable improvements recently 
effected in the practical cleansing of buildings is a portable 
pumping apparatus, with hose for emptying cesspools. For 
conveying the sewage, this consists of a close tank mounted 
upon two or four wheels, according to its size, with a hose 
fitted to an aperture in it, and an air-pump attached, so that 
the chamber communicates with the interior of the tank. 
The hose is provided of such length that it may be laid 
through the passage, &c. of a house, and dipped into the 
cesspool, while the other end is attached to the tank at the 
door, into which the contents of the cesspool are rapidly 
transferred, without offence or nuisance, by a labourer at the 
pump. A small pumping apparatus with hose, but without 
tank, has been extensively applied for removing the con- 
tents of the cesspools into the sewers, a second hose being 
attached to the pump-chamber for this purpose. This ap- 
paratus, with hose complete, is furnished at the price of 
15{., and the economy of its use as compared with the cost 
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of cleansing cesspools by the old method, e£fects a saving 
of 95 per cent. Among the instances reported by the Sur- 
veyors to the Metropolitan Commission of Sewers, the 
foUowing may be quoted : — ** The contents of one large 
cesspool, equal to 24 loads of soil, were pumped out in 
3| hours, at a cost of 24«. Under the old system, three 
nights would have been occupied in emptying the cesspool^ 
and it would have cost at least 242." 

435. Among the many contrivances which have been 
suggested for improving ^e house-apparatus for regulating 
the disposal of the water supplied, is a simple form of cis. 
tern, introduced by Mi. John Hosmer, which appears well 
calculated to prevent the waste of water which now fre- 
quently results from the inefficiency of the apparatus em- 
ployed. The amount of this waste may be inferred from 
the proved fact that, in one district of the metropolis, an 
average quantity of twenty-nine gallons per house is wasted 
at each delivery from the works, by dribbling over the 
waste-pipes of the cisterns after they have become filled. 
Mr. Hosmer*s cistern has a partition, dividing it into two 
spaces, one considerably larger than the other, and contain- 
ing the supply for domestic use, while the smaller space is ~ 
intended to contain a reserve for cleansing the drains and 
sewers. A two-way cock is fitted on the cistern with ball 
and lever, and one aperture of the cock opens into each of 
the spaces in the cistern. The large division of the cistern 
is fitted with a pipe or pipes to deliver the house supply as 
required, and the small division has a syphon-trapped pipe, 
leading into the drain and covered by a valve, the vertical 
rod of which is attached to the lever of the two-way delivery 
cock. The water from the main first fills the small division, 
the position of the lever being such that the valve at the 
lower part remains closed. The water then flows over the 
partition (which is kept a trifle lower than the sides of the 
cistern for this purpose) and fills the large division, the 
rising of the ball in which overcomes the pressure upoiij 
the valve in the small division, and lifts it suddenly to such' 

I 3 
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a height as to permit of a rapid discharge of water tiiroti^ 
the eyphon-trapped pipe into the drain. Similar cistemji 
thus fixed and fitted, deriving their action simultaneously 
firom the delivery at the main, would, it is supposed, dis- 
charge streams of water at one and the same time into tbs 
several house-drains connected with them, and thus act 
with considerahle efficiency in scouring these drains and 
the sewer into which they discharge. 

436. Although complexity of parts is to be avoided in 
water-closets intended for use in the greater number of 
dwellings, some of the more complete forms of apparatus 
adapted for self-action, and which necessarily comprise 
considerable detail of arrangement, are preferable iu supe- 
rior buildiflgs in which close economy of construction is 
not a first condition, and regular care and attention can be 
secured for the action of the apparatus employed. In some 
of these closets, the valve which opens and closes the open* 
ing into the water-pipe is attached by a rod to a lever, which, 
by means of a cord or chain, is connected with the door of 
the closet, so that the opening of the door opens the valve 
and thus discharges a quantity of water into the pan. In 
another form of apparatus, the pressure of the persotx on . 
the seat produces a similar efi^t. One of the most im* 
proved of these is that patented by Messrs. Bunnett and Co*, 
which will be found fully described and illustrated in the 
** Civil Engineer imd Architect's Journal " for the month of 
April, 1849. This closet is self-acting and doubly trapped, 
and designed to secure a supply and foi^e of wat^* which 
shall always be efficient and uniform without waste. It is, 
moreover, so contrived, that no soil can remain in the basin 
after use, and an ample supply of water being secured ta 
the basin so as to form a *' water4ute " between that and the 
syphon-trap, the rising of smell is effeetuaiiy prevented* 
The lower part of the pan dips into a water*pan or tfvp^ 
which is hinged and maintained in a horiEontal position by 
a rolling balance weight. The effect of pnessare on the 
seat of the closet is to depress a lever and open a valve io 
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tfad 8t^p}y«box of the detem, and tbua pour a volmna of 
water into the wat^-pan or trap sufficient to throw it open, 
and afford a passage for the soil into the lower basin, 
which terminates in a syphon, and is also trapped with 
water. When the pressure is removed from the seat, the 
water<-pan or upper trap is immediately brought back to a 
horizontal position by the rolling wei^t, and receives suffi- 
cient water before the closing of the valve, to fill it, and 
thus effectually shut off all communication with the lower 
basin. 



GENEBAL SUMMABY AND C0NCI.USI0N. 

487. In the First Fart of this Budimentary Treatise, 
devoted to the Drainage of Districts and Lands, an attempt 
is made to exhibit an arranged outline of the facts which 
have been observed and recorded with reference to the 
several sources of water for agricultural purposes, and the 
best means of making these available. The methods of 
filtering and purifying water for extended purposes in dis- 
tricts comprising towns, are also briefly explained, and the 
difference pointed out between the mechanical and chemi- 
cal processes required. In the sections which treat of the 
drainage oi lands, as limited in its purpose to the discharge 
of superfluous water, the peculiar method to be employed 
is shown to depend on the united consideration of relative 
Jevels of surface and fltructiu*al formation of soils. The 
importance, of efficient draining of fens and the several 
works required for this purpose, are illustrated by grand 
instances in our own country-*— in the counties of Lincoln 
and Cambridge*«^and a brief description is introduced of^ 
that cdebrated Dutch work by English engineers, the 
draining dT the Lake of Haarlem. The construction of 
«ateh»water drains, and the adoption of means for aiding the 
aupply oi wJB^ter to high or upland districts, are also alluded 
to aa among tha duties of die drainer. The formation of 
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soils is described as affording a general knowledge of their 
character, and aiding in the determination of the best 
arrangement of drains. Adopting a general classification 
of soils in regard to their structure, under the three leading 
characters of porous, retentive, and mixed, an extended 
notice is devoted to the several arrangements of these soils 
which are met with, and the modes of proceeding in each 
case are briefly explained. A description of the several 
modes of forming drains or artificial subterranean channels 
through lands is accompanied by practical rules as to their 
construction, dimensions, arrangement, and cost, and some 
of the best experience on this subject is quoted. A brief 
account of the several operations to be carried on, of con- 
tour-mapping, and of the tools employed in draining, com- * 
pletes the First Division of the work. 

438. The Second Division, of which the purport is the 
Drainage of Towns and Streets, urns at establishing a clas- 
sification of towns as subjects for water supply and drainage 
according to the relative levels of the surface, and without 
that reference to the contiguity of rivers which has been 
dictated by the mistaken object of converting rivers into 
general sewers. An illustration of the principle here advo- 
cated is taken from the position aad superficial character of 
our own metropolis. The value of sewage matters for agri- 
cultural purposes, and the practicability of rendering the 
distribution and use of these matters innocuous by chemical 
processes, are also stated upon the highest authority, and 
the evils of concentrating the sewage of large towns at few 
points, and misusing the channels for its conveyance, are 
po'mted out and established upon past and extended expe- 
rience. A brief notice is added of some of the general 
plans which have been suggested for the drainage of Lon- 
don, and some particulars given of the costly and inopera- 
tive works executed in the department of Metropolitan 
Sewerage. Upon the public supply of water to towns a 
mass of evidence is collected from past experience in the 
metropolis and the provinces, showing the effect of geologi- 
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cal structure upon the quality of water, and the cost of sup. 
plying, of filtering, and purifying it for the several purposes 
required. The circumstances afifecting the cleansing and 
draining of roads and streets are also shortly noticed. The 
proper functions of sewers, their arrangement, dimensions, 
and construction, are deduced from the data which it is be- 
lieved should be referred to, and by calculations which our 
past experience enables us to form. A rule for the correct 
sectional form of sewers is also given, and recommended 
for its usefulness and simplicity. The cost of several de- 
scriptions of sewers is also cited from the records of expe- 
rience, the stone-ware pipe sewers described, and the method 
of cleansing by flushing adverted to, and its effects quoted. 
The conveyance of water to towns and the several methods 
adopted, with the cost of pumping by steam-power, are 
described and stated. 

439. The Third Division treats of the Drainage of Build- 
ings as subjects of the entire system which embraces the sup- 
ply of water as an accessory to the purpose of draining. It 
is suggested that the classification of dwellings should be 
determined by the number of persons to be served rather 
than the rental paid for each house, and that larger build- 
ings, in which human beings are congregated for maiiufac- 
turing and other purposes, may be provided for according 
to the cubic space inclosed by them. The arrdngement, 
construction, and dimensions of house-drains are described, 
and the qualifications of impermeability, secure trapping at 
the head and all other openings through which effluvia 
might escape, and proper connection with the receiving 
sewer at the lower end, are insisted upon as indispensable 
to perfects and efficient construction. And in the concluding 
section a general view is taken of the combined arrange- 
ments for efficient house-drainage, and the simplest con- 
struction recommended for water-closets and similar appa- 
ratus designed for general adoption. 




APPENDIX. 



No. 1.— Steak DEAiwnfG^PLOUGH. 

440. TiEns following account of Fowler and Fxy's n«w 
steam draining-plough is quoted from the ** Bristol Mer- 
cury " of Februwy U, 1854. 

*<0n Thursday last some experiments of a de^ly iu« 
terestii^; and important nature, in connection with the 
question of land-drainage, were made at Catherine Farm, 
on the estate of P. W. Miles, Esq., at Kingswasfaon, when 
Fowler and Fry's new steam draining-plough was for the 
&«t time put in operation. The great utility of under* 
ground drainage upon clay soils and in marshy districts is 
now too generally known and appreciated to laare it a 
matter of debate ; but the heavy expense which the adop* 
tion of the system of hand-labour entails, especially in 
neighbourhoods where that labour is scarce and dear, has 
hitherto stood in the way of its general adoption. It will 
be obvious that anything which has a tendency to facilitate 
the operation and diminish its cost, must be, in an emi* 
nent degree, beneficial to agriculture, and hence scientifie 
and practical men have been stimulated to bend their 
efforts in a direction tending to those ends. The drainage 
of moist lands was first attempted by the simple process of 
digging, by spade labour, narrow trenches, and laying rude 
stone drains in the bottom of them. The difficulty of pro- 
curing stones and the cost of hauling them were found to 
stand considerably in the way of that process, and the use 
of draining-tiles in various forms was by degrees iolxO' 
duced, but without any decided improvement being effected 
in the mode of cutting the drain trenches. An important 
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rerolntioii in the process was inb-odueed by our felioww 
citizen Mr. Fowler, of the firm of Fowler and Fr^', agricul* 
tural machine manufaetm*ers, of Temple Street, in the 
invMition of his draining^plough, bj which manual labour 
•W9M in a large degree superseded; but a deficiency still 
remained. The plough had to be worked by horse^power, 
four horses being employed by it in turning the windlass 
by which it was set in motion, and the process, although 
cheaper imd more expeditious than spade-labour, was, 
nevertheless, in a degree expensive and tardy. The desira> 
bility of app]y4ng steam power to a plough upon the same 
principle soon became apparent, and, impressed with the 
importance of the object, Mr. Fowler dhreeted his attention 
to it, and now, as the result of a great deal of anxiety and 
labour, and of no inconsiderable expense, he has perfected 
a steam drsining-plough, which we saw in successful ope« 
ration on Thursday, and which we have no doubt will 
speedily take rank among the -most useful inventions of the 
day. A brief description of the machinery may prove 
interesting. 

*' The steam-engine, although mounted on wheels, and' 
capable of being transported from point to point, is, when 
employed, a stfttionary one, and worked by a horizontal 
cylinder. ^ It has connected with it two drums, which are 
loose on the axles. Attached to the larger drum, which 
draws the plough forward, is Si wire rope of beautiful manu- 
fitcture, the breaking strain of which is 14 tons, the woric* 
ing strain being 6 tons. This drum is worked by two 
motions off the fly-wheel shaft, which give a leverage of 
Sfi to 1 on the plough, the drum making seven revolutions 
per minute. To the lesser drum, which is worked off Uie 
second shaft, is attached a rope also of wire, but of smaller 
calibre, which draws the plough back, when it has com- 
pleted a furrow, to the side of the field from which it 
started and where it has to begin again. By an ing^tooiia 
contrivance- the drums are formed by the inside^ ^{ two 
spur wheels, so that practically tSio working is ©ff^r^^A. V! 
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ordinaijBpiir-gearing. The drams can be instanilj throim 
out of gear by clutches moving the pinions on a feather. 
The larger wire rope, on being wound on to the drum for 
the purpose of impelling the plough forward, works round 
a sheave-wheel or puUey-block anchored to the field at such 
a point as to draw the plough at right angles to the engine, 
by which arrangement the necessity of shifting the . engine 
is obviated to so great an extent that almost any field may 
be drained without once removing it from the position first 
taken up by it. To the front of the plough is attached a 
second sheave-wheel, round which we rope is doubled, 
thereby, also, doubling the power. The coulter of the 
plough is of iron, an inch in diameter at its widest point» 
so that the furrow made by it upon the surface of the land 
is scarcely perceptible and generally disappears after the 
first storm of rain. It can be worked to a depth of four 
feet, and indeed deeper, if necessary, and is so made that 
it can be raised or depressed by a handwheel under the 
control of the ploughman, and which works gear connected 
with a rack at the back of the coulter. The boring of the 
land is effected by means of a cast-iron mole or plug (the 
size of which is regulated by the size of the tiles to be 
laid) keyed to the bottom of the coulter, and the most 
striking feature of the machine is, that as fast as it bores 
the land it lays in the tile-piping, thus completing the 
drain as it goes at the rate (when we saw it working) of 
85 feet, and probably, under very £Etvourable circumstances, 
40 feet per minute. It should be stated, in order to the 
understanding of what follows, that as the engine winds 
the large rope on the large drum and draws the plough 
towards it, it at the same time unwinds the small rope 
which is attached to the back of the plough from the small 
drum. 

" The mode of operation we will now .endeavour to 
explain, assuming for our illustration a field of 1000 feet 
square, which has to be drained by drains 10 yards apart 
from east to west The engine would be fixed at the 
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middle of the western edge ; the plough would be placed 

on the eastern edge at 10 yards from the southern edge of 

the ground, and an anchor and sheave-wheel would be 

rigged exactly opposite to it on the western edge. The 

large wire-rope would be passed round the sheaTe-wheel, 

and thence on to the front of the plough, while the small 

wire-rope would be connected from the back of the plough 

with another anchor, &c., rigged 10 yards north of the 

plough — that is, at the point to which it would have to be 

drawn back, and from which it would have to commence 

again. The machinery thus arranged, the pipe-tiles are strung • 

on ropes of fifty yards long (the length being thus limited 

to economise time and labour in threading), but fitted with 

ingeniously-contrived joints at either end, so that they can 

be readily and firmly joined together at any length required. 

These ropes are made of hemp for the sake of flexibility, , 

while, as a matter of economy and durability, and to • i 

decrease friction as much as possible, they are coated with 

wire. The ropes being threaded and joined, one end is 

fixed immediately behind the mole, and the machine being 

set in motion by the steam-engine, the coulter cuts its 

narrow channel through the land, the mole bores and lifts i 

the subsoil, and the pipes are drawn through the aperture, 

and closely and neatly put together, forming the drain. 

The sheave-wheels are then shifted, the plough drawn back | 

by the small rope, and the second and succeeding drains { 

are cut and piped in the same way. The ropes, after the 

tiles have been laid, are drawn out by horses, which is the | 

only employment of horse-labour required. The plough is j 

attended by a man, whose only duty seems to be to keep it J 

upright where the land is out of level ; but we were told by 

Mr. Fowler that he had perfected some self-acting level 

guides, which would be shortly attached, and which would 

enable the plough to adapt itself to any inequalities which 

might arise, and make it independent of any guide. 

"The advantages which Mr. Fowler expects to derive 
from his inventions are manifold. The first at\d ^^^^ 
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important is, of course, ecooomy* The eum at present 
charged hy contractors, for draining on a large 8cale» p^ 
acre, is from U. to 62. A considerable tract of land, at 
present in course of drainage in an adjacent county, is 
understood to have been taken at 52. '5is. or 61. IQs. per acre. 
Mr. Fowler considers that by his machinery land may be 
drained for from SL 10s, to U, per acre, yielding a fair 
remuneration to the contractor* One engine with ten men 
and two horses will, he calculates, do as much work as 
120 men, and, under favourable circumstances, as much 
work as 150 men would do by the old system. A second 
advantage anticipated is, the ability to drain in the summer 
season, when days are long and the weather favourable, a 
desideratum not now obtainable on account of labour being 
at that period so fully occupied by other sources of employ* 
ment. Third, drainage by the machine will be better per- 
formed. The drains will be uniform in depjji and straighter, 
and the tiles more closely and firmly laid, while the plough, 
by lifting the land, causes the water to percolate at once, 
and thus brings the drain into immediate action. Fourth, 
no damage is done to the surface of tJie ground, which, by 
the old process was often the case. With dry weather the 
machineiy may be erected and field drained one day, and 
on the next a casual observer would be unable to perceive 
that any change had taken place. Fifth, the drains when 
made will be more durable. 

)k "With regard to the capabilities of his invention, Mr. 
Fowler calculates that with a single engine and plough he 
shall be able to drain about 80 acres per week. At present 
the machinery will only be retained in tliis neighbourhood 
long enough to complete the draini^e of about 40 acres 
of land on the farm where it is now at woric. This will 
probably be effected by about the end of next week, after 
which time it will be removed to London, in the neigh- 
bourhood of which city it wiU, we understand, be tried 
under Government inspection, and, doubtless, will receive 
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the attention 'of many scientific and practical^ gentlemen 
interested in the advancement of agriculture 

"Should the * Steam Draining-plough * meet with the 
approbation of those to whom it is about to be submitted, 
arrangements will be made for carrying it into operation 
upon a scale to some extent commensurate with the wants 
of the kingdom." 

Figiites 78, 79, 80, and 81, show the plough and cap- 
stan a{)paratus complete, as adapted to be propelled by 
horse-power. FigB. 78 and 79 are an elevation and plan 
of the capstan, and figs. 80 and 81 a corresponding eleva- 
tion and plan of the plough. 
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Fig. 78. 



Fig, 79. 
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APPENDIX No, a. 

H& dnSPHENSON'S BxfOfkT ON THE PLAN fOll tBA D&AlNAOa OF DiS- 

cuon KOBia of the Thames, anI) fttn38EQtJim PaoosiDiHGS 
OF THE Hbteopolitan Cohmissionebs OF Sewebs. 

At ft special OouH of the Metropolitan ColiutiiMionefB of Sewen^ 
. held on the 16th Hay, 1854, the following Koport hy Mr. Bobeit 
StephoBfion, M.P.,0A the phin proposed by Meisnu Battlgette and Hey- 
wood, wa» read : — 

"24; Great Geotyo^trdet, Westminster, May 15. 

'' Gentlemen,**-Ab8ence from England prevented my uniting with 
Sir William Cabitt in drawing up his remarks, duied February 25, 
1854, on the joint report of Messrs. Bazalgette and Heywood, on i 
proposed System of intercepting drains throughout that portion of the 
metropolis lying on the north side of the rirer Thames. 

" I therofora now take leave to lay before you a few obsenrations on 
that report, and before doing so may premiso that it is not my inten- 
tion to rervert to those points touched upon by Sir William Cubitt, as 
I entirely eonctir in the opinion he has given respecting the gene- 
ral merits of the plan and the estimated cost of carrying it out. 

" My observations will rather have reference to the general principle 
of interoepting sewers upon which the design is based, and to one or 
two of the localities where it has been deemed advisable to depart from 
this system to meet special conditions. 

" With respeet^ then, to the application of the priAeiple of inter- 
eepting aewers to very laige towns, and more especially to the metro- 
polis, where it has become imperative to lessen as &r as practicable 
the nuisance of dischai^g the sewage directly Into Uiat part of the 
Thames upon which the metropolis is situate, I believe there is con- 
siderable unanimity of opinion among engineers who have been called 
upon to direct their attention to the subject. When I was a member 
of your body, it fell to my lot to examine upwards of 150 suggestions 
for improving the drainage of London, among which were many from 
professional men of experienoe, and by &t the miy'ority of these, when 
a comprehensive study of the subject had been made, agreed on adopt- 
ing a series of intercepting sewens, as the only method affording a sim« 



MB. VrEXmUKBOOf'M BXPOBT. 191 

pie snd djffideiit Bjstdm of dndnage, and »t the same time £k«ein^ the 
Thames through London of pollution. 

" The plan which was afterwards sabmitted hy Mr. Frank Fonter to 
the commissioners may be regarded as embodying most of the nseM 
riews which such of these plans contained as were based upon the 
principle of interception by main lines of sewer, carried to a point on 
the river so Jbr down as to prevent the reaetion of the tidal waten 
bringing the feonlent matter back among the inhabitants of the me- 
tropolis. 

" The design now produced by Mr. Bazalgette and Mr. Heywood 
may be regarded as the extension of Mr. Forster's Tlews> adapted to 
the new features which every suburb of London Is yearlj" presenting. 
They have also made some judidous modifications suggested by time . 
and further information, one of the most important of which is the 
removal of the lowest intereepting drain from the shore of the river, 
as such a position, although chosen for the purpose of making the 
system of interception complete, would have been carried out with the 
utmost difficulty, in consequence of the loose nature of the soil, and 
at a co^t incapable of any certain calculation beforehand. 

" The construction of this low level intercepting sewer does not, 
however, press for immediate attention, for it is elear that, of the 
three intercepting sewers comprehended in Messrs. Bazalgette and 
Heywood's plan, the construction of the upper and middle levels 
should be proceeded with first. Their completion alone will greatly 
relieve the Thames of impurities, and by lessening the direct discharge, 
will render the construction of the lowest level less difficult and less 
costly. Indeed, it is not improbable that by the divenion of so large 
a portion of the sewage matter from the river as would be under the 
control of the middle and upper lines of interception, the formation 
of the lowest would become comparatively much less important, and 
might be postponed for some length of time, and so relieve the de- 
mand upon those who supply the fiinds. 

" The two upper lines of interception would, in fiict, leave less of« 
fensive matter to be discharged into the sewers than has taken place 
in any time within living recollection. 

"It is the only mode of procedure which seems adapted even* 
tually to remove, and at once to mitigate, many of the chief diffi* 
culties and annoyances attaching themselves to this complicated 
question. 

" In this design the system of interception is applied to the whole 
of the metropolis on the north side of the river, excepting a portion 
which is designated the western district, comprising an area of about 
eighteen square miles, commendng a little to the east of Brompton 
and Chelsea, and extending westward as fiir as Brentford. The 1^^ 
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of all ihlfl district is so low that it is impoaaible to obtain an; other 
natural means of drainage than into the river, as at present. To ob- 
viate this objection, it is proposed to treat the western district by a 
different method, which appears to me well calculated to overcome the 
obstacles arising out of this circumstance, namely, to direct the whole 
of the sewage to one point on the shore of the river near the entrance 
into the Kensington Canal, and there take means for separatiug the 
liquid and solid portion of the sewage before the former is discharged 
into the river. Experiments bn a large scale with this process are now 
being made, and with such result that its ultimate success may be 
fiurly deemed probable. 

''I agree, therefore, with the recommendations made in this report 1 I 
as to the method to be applied to the western district, in consequence ' ' 
of its extremely low level. 

. "With the general lines of direction which have been selected for 
interception I also concur ; but, in anticipation of the success of the 
method for extracting solid manure from the sewage, and its becom- 
ing remunerative, it is suggested, ' that considerations may arise se- 
riously affecting the scheme proposed,' and a question is raised ' whe- 
ther it would not then be advisable, on the seore of economy, to 
modify the designs presented for the middle and low-level sewers, and 
to abwidon the chief portion of the line between the river Lea and 
Barking Creek.' In this I do not go to the full extent with Meaan. 
Bazalgette and Heywood, for, although the process for the manufac- 
ture of manure may prove successful, I do not think this probably 
would tend to, still less would justify, the delay of the construction of 
the middle level works. These seem to me to be absolutely necessary 
to rectify the present defective system of drainage, whatever shape the 
manure question may eventually take. I have already stated that the 
middle level is calculated, when properly dealt with, to ameliorate the 
evils so much complained of in so marked a manner that the execu- 
tion of the lower level may perhaps safely be postponed for a time ; 
but I can foresee no degree of improvement in the manufacture of 
manure in prospect that would tend to any material alteration in its 
construction, or position, or cost It strikes at the root of many of the 
existing evils in the most direct manner, while it comprehends within 
its scope and influence so large and important a district, that I think 
no minor obstacle ought to stand in the way of its execution. The 
extension to Barking might, I think, be dispensed with, as Bug« 
gested. 

" If in extending and perfecting the drainage of London, the chief 
objects be the improvement of the general sanitary condition of the 
inhabitants and the purification of the Thames from noisome matter, 
I cannot help repeating that I regard the middle intercepting aewer M 



MR. STEPHENSOK's REPORT. 193 

one of the most important features of the scheme on which I am now 
reporting) and, indeed, without it either object, and the last especially, 
could only be rery partially attained, for no arrangement in the ex- 
traction of the solid matter from the sewage that I can conceive 
would prevent the frequent discharge of the usual amount of noxious 
filth into the river. 

" This can only, I believe, be avoided by the intercepting system 
being fully carried out, and no part of the proposed plan is more effec- 
tive than the middle interception, and^one can be so ill spared or 
postponed. 

"I am induced to express this opinion somewhat decidedly, be- 
cause, having had my attention called to several methods that have 
been proposed for the extraction of manure from sewage, I have been 
led to the conclusion that, instead of multipljang such establishments 
within the precincts of towns, as some contemplate, a complete system 
of interception, with the concentration of the manure process on a 
few points, is that which is best calculated to attain success. 

" With reference to the dimensions of the proposed sewers, I have 
not been able to go into the details of the calculations, but, having 
examined the tabular statements attached to the engineers' report, 
and having received explanations from them respecting the directions 
of the flow in the various sewers intended to take place, I have every 
confidence in the correctness of their conclusions. 

" I have only further to add, that I regard the design of Messrs. 
Bazalgette and Heywood as comprehending, in a very practical shape, 
all the essentially useful suggestions which have, from time to time^ 
been made by engineers respecting the drainage oi" the metropolis ; 
and I have no doubt- whatever that if the commissioners be put in a 
position to carry it out, it will be found effective. 

" I am, gentlemen, your obedient servant, 

" Robert Stephen son. 
' To the Commissioners of Metropolitan Sewers." 

The Chaibman said, they had met that day to sanction the execu- 
tion of works that had been considered and recommended by the com- 
mittee for the adoption of the Court to the amount of 122,6102., and 
among those works now brought forward were comprised six or seven 
large blocks of houses that were to be furnished with sewers, and some 
entire new works of great magnitude, involving the entire reconstruc- 
tion of the Counter B Creek sewer from north to souths at an esti- 
mated cost of 5lfZ00L Those works were considered to be necessary, 
in order to save an enormous loss to the property that annually oc- 
curred from the Thames to the Norland estate and the north of Ken- 
Buigton. There had been a great number of complaiiitB n^n. the 
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subject, which had engaged the anxious considerBtion of the commia- 
Bioners for a long time past. He knew that snch complaints had been 
frequent eyer since he had been chairman, and for years before. The 
commissioners were most anxious to accomplish a work of urgent ne- 
cessity, but hitherto, in consequence of their peculiar situation, they 
were unable to do so, through the difficulty they had in raising the 
money. The works for which they had obtained the sanction of Par- 
liament to raise 200,0002., would cost more than a million and a half, 
and included the Hackney-brook sewer and the districts north of the 
Thames; and there was a second plan for districts south of the 
Thames. They were about to devote 150,0002. towards the last-men- 
tioned works, reserving 60,0002. for subsidiary works, but the commis- 
sioners did not feel that they would be justified in expending that 
amount without the sanction of Gk>vemment, not that it was required, 
as the commissioners alone were responsible for the outlay, and they 
had no wish that any responsibility should rest on others that fiurly 
devolved upon themselves. They had applied to Parliament, and, 
unless the commiBsioners were assured that they would have funds for 
completing certain works, they must decline commencing them, un- 
less with a certainty that they would be finished. Having, therefore, 
but 200,0002. for works that would cost 1,000,0002., they had applied 
to the Government for means, but had as yet not received any answer. 
There had been some delay as to the opening of the court, and the 
committee had come to the conclusion that it would not be desirable 
to encroach on the 150,0002. until they got a final answer. They had 
required him to make an application for a more definite answer, and 
until they saw the intentions of Government the commissioners con- 
sidered they could come to no conclusion, however inconvenient such 
a course might be, and if any inconvenience was felt the commissioners 
were satisfied that no blame rested on them. He found that the 
50,0002. set apart for subsidiary works, added to the current receipts of 
the districts, would do all they proposed, except for the works for the 
Counter's Creek district, which were estimated at 51,0002., and it would 
be for the Court to order them or not, with the reserve of that 51,0002. 
for the present. The Counter's Creek district was suflTering from great 
evils, from the want of a proper sewer, and repeated had been the 
complaints from owners of houses that they could not fin<l tenants, 
for want of drainage, and that the cellars of their houses were flooded 
with water. They had not funds to do what was required, and they 
did not think themselves justified in applying the 150,0002. until they 
got the sanction of Government, and which they were pledged to the 
public to expend in main drainage works. 

After some discussion, a motion was proposed and agreed to, that 
works to the amount of 75,895^ be executed. 
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On the 23rd May, at a Special Court of the Commissioners, presided 
over by Mr. R. Jebb, 

Lieutenant-Colonel Dawson rose and said — ^T wish, Sir, to inquire 
whether you have received any communication from the Home-office in 
reply to the application which, at the desire of the Court, you were 
requested to make at the last Court 1 

The Chairman : In answer to the question of the gallant Colonel, I 
have to state, in consequence of the wish of the last Court, I wrote to 
the Secretary of State the letter which is now before the Court, dated 
the 17th inst., to which I received a reply on the 20th. I will now 
call upon the secretary to read those documents. 

Mr. Woolrych then read as follows : — 

" No. 1, Greek-street, Soho, May 17, 1864. 

" My Lord, — At the request of my colleagues of the Sewers Com- 
mission, I have the honour to call your lordship's attention to the pre- 
sent position of the commission with reference to the greater part of 
the loan of 200,000/. effected under the powers of the Sewers Act of 
the last session. 

" Your lordship will doubtless recollect that of the above-mentioned 
sum the commissioners determined to set apart 150,000?. towards the 
commencement of those portions of the main drainage works which 
are most urgently needed — namely, the Hackney Brook, or northern 
high level sewer, and the main sewers on the south of the Thames, 
the estimates for which amount to 1,060,000/., but that they did not 
feel warranted in entering upon those works until they had the written 
sanction of the government, whose aid in parliament is requisite for 
obtaining the funds necessary to complete the works. 

" The commissioners now feel that they are placed in a position of 
much difficulty as to the proper application of this sum of 150,000?. 
On the one hand, in the absence of the necessary sanction, they are 
precluded from using the money for the commencement of the main 
works ; on the other hand, as long as there is any probability of that 
sanction being obtained, they consider that the money cannot pro- 
perly be applied to any other object, as that would be at variance with 
the assurances from time to time given to your lordship, atid alao dia- 
appoint the expectations held out to those more immedlat^w xntexe^^^ 
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in the early execution of the main works. In the mean time the sea- 
son most favourable for entering into contracts, and for proceeding 
with drainage operations, is rapidly passing away. 

" The commissioners would therefore beg respectfully to represent 
to your lordship the importance of your favouring them with your de- 
cision with reference to the main works, in order that, if your lordship 
should think it right to give the requisite sanction, the works knay be 
at once commenced, or else, if your lordship is not prepared to give 
that sanction, and would be kind enough to communicate with the 
commissioners to that effect, the money may be devoted to other 
works now much needed, and the immediate execution of which would 
alleviate a great amount of present evil. 

"I beg to add, that it will depend upon your lordship's decision 
whether the commissioners will feel justified in incurring the expense 
and responsibility of prosecuting in the present session a bill which has 
been read a second time, and now awaits the investigation of a com- 
mittee, the object of which bill is to enable the commissioners to take 
land near Deptford Creek, indispensably necessary for the commence- 
ment of the southern works. In order that this bill should pass in 
the present session, it is requisite that the next step should be taken 
without any delay. 

" I have the honour to be, my lord, 

" Your lordship's most obedient servant, 
'* RicnABD Jebb. 
" The Right Hon. Viscount Palmerston." 



"Whitehall, May 20. 
" Sir, — I am directed by Viscount Palmerston to acknowledge the 
receipt of your letter of the 17th inst., and to state, in reference to 
your inquiry as to the application of the sum of 1 50,000^., set apart by 
the Commissioners of Sewers towards the commencement of those 
portions of the main drainage works which are most urgently needed, 
that the main drainage should be suspended for the present. 
" I am, Sir, your obedient servant, 

" H. Waddington.. 
" Richard Jebb, Esq., 
" Chairman of the Sewers Commission, 
" 1, Greek-street, Soho." 

Lieutenant-Colonel Dawson moved—" That the order for the works 
to the Counter's Creek district, to the amount of 51,300/. be imme- 
diately executed, and that the engineer be instructed to prepare plans 
and estimates for other works of the most urgent nature, to the 
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amount of 100,000Z. to be submitted to us for execution at the next 
Court;" 

which resolution was unanimously agreed to. 

The works referred to, estimated to cost 61,300^., consist of 1,500 
feet of sewer, 9 feet six inches by 9 feet, to commence at the river 
Thames between Cremome-gardens and the Kensington Canal, and 
proceed in a northerly direction to King's-road, Chelsea ; and 11,190 
feet of sewer, 8 feet 6 inches by 8 feet, to commence at the King's-road, 
Chelsea, an<l proceed in a northerly direction to the Uxbridge-road, 
and to a point near Royal-crescent, Notting-hiLl. 
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Bbfobt (hade, bt obdeb, to thb Comhibsionebs 09 Sewbbs), upon 

THE HOST ADVANTAGEOUS HODE OF DEALING WITH THE SeWAGE 

Matteb op the Metropolis, with a view to the Preparation 
OF Sewage Manure, by Thohas Wioksteed, Esq., Civil Engi- 



From this interesting Report (dated February 13, 1864), we present 
our readers with the following extracts which describe the works con- 
ducted at Leicester by Mr. Wickstead, and the results he has obtained 
in a successful deodorisation and disinfecting of sewer water. 

"In 1845 I was called upon by the projectors of the London 
Sewage Company to report to them upon the practicability of carry- 
ing out a scheme for distributing the sewage water of London in agri- 
cultural districts by the application of steam power and pipes, and was 
further instructed, that if I found it could not be carried out thus so 
as to prove profitable, to suggest, if possible, some other mode for 
effecting the object ; and it was at that period that I entered into the 
calculations as to the cost of such a scheme, which led me to form the 
opinion that it could never be made a remunerative speculation. I 
then considered a scheme for arresting the fertilising matter held in 
suspension in sewer water, and found that even had it be«n as valuable 
as the matter held in solution (which is by no means the case), the 
quantity to be obtained, having regard to its quality, was too small to 
be remunerative. 

" It then occurred to me, that if by a mode much less costly than 
that of evaporation to dryness, a suflficient quantity of ^^^e fertilising 
matter held in aclution could be sepvated, that the coU^^^votO' *^^ ^^' 
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traction of fertilising matter from sewer water, might ihen be effected 
at a remuneratiye cost, or otherwise the scheme must be aban- 
doned. 

"I then consulted my friend, Mr. Arthur Aikin, the eminent 
chemist, at that time Professor of Chemistry at Guy's Hospital, as to 
whether there was any cheap substance that could be employed to 
separate the fertilising matter dissolved in sewer water, and which 
would not itself prove injurious to the manure ; and he informed me, 
that be had for forty years previously been in the habit of using a 
small quantity of lime to separate the organic matter contained in the 
New River water, which application had always effected its intended 
purpose, and that he had no doubt it might be applied with good effect 
to the sewer water. Mr. Aikin tried some experiments upon the Lon- 
don sewage water, and found, that, by the addition of about the three- 
thousandth part by weight of lime, the quantity of precipitate ob- 
tained was double of that which had previously resulted from the 
precipitation of the solid matter only, held by mechanical suspension 
in the sewer water. The result of these experiments showing, that 
not only was the weight of the manure to be obtained doubled, but 
that the addition being much more valuable as a fertiliser, the whole 
quantity was rendered superior, and it appeared to be very probable 
that a remunerative scheme might be formed ; accordingly I designed 
a plan for the projectors of the London Sewage Company, and plans 
were prepared and deposited for parliament, and the same was done in 
the following year, but at neither of the periods could the company 
proceed for want of the necessary capital. 

"For some time after that period the state of the money market 
was such, that although various similar schemes were published for 
tunnel sewers with artificial falls, I considered my scheme would not 
be much advanced by bringing it in opposition to the new schemes 
until there was a greater chance of being able to raise capital for its 
execution. 

. " About the year 1849, 1 consulted my friend Mr. Robert Stephen- 
son upon the subject, who was kind enough to enter into a thorough 
investigation of my scheme and an examination of the data upon 
which it was founded. He afterwards expressed a favourable opinion 
of its feasibility ; the objections to it he considered to be chiefly the 
large size of the reservoirs, which we agreed it would be desirable to 
reduce if a scheme for so doing could be devised. And as to the ques- 
tion of the tunnel sewer itself being constructed by a private com- 
pany, instead of by a public commission, —as it is clear that the com. 
pany's interest would be to make the sewer as little in excess of the 
size required to convey the sewer water when sufficiently impregnated 
with fertilising matter to render its extraction remunerative, while a 
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oommlaBion, not being swayed by such considerations, would natnrally 
consider the question of getting rid of flood waters also, — he thought, 
therefore, that it would be better, if possible, to divide the scheme, 
leaving the sewer to the public commission, and the process of dis- 
infecting and utilising the sewage water to a company. Thus encou- 
raged, I proceeded fiurther in the consideration of the subject, and in 
the following year the idea of applying centrifugal force for the sepa. 
ration of the water from the deposit in the bottom of the reservoirs 
suggested itself to me, and, having tried the effect practically, in 
1851 I took out a patent for the manufacture of sewage manure. 

" The result of experiments with the patent process was to show, 
that, by its adoption, the size of the reservoirs might be greatly re- 
duced; that the deposit from the bottom of the reservoir might be 
abstracted without exposing it by the removal of the supernatant 
water ; and that it might be rapidly reduced into a sufficiently solid 
state to admit of its being packed in casks, stored in pits or heaps, or 
moulded into bricks for the purpose of farther drying by natural eva- 
poration. In the latter part of 1851, Mr. Robert Stephenson, and 
Professors Aikin and Taylor, having expressed very favourable opinions 
of the practicability of my amended scheme, which opinion they al- 
lowed me to publish, parties were thereby induced to purchase my 
patents for Great Britain and Ireland, and in 1852 an Act of Parlia- 
ment was obtained, incorporating the " Patent Solid Sewage Manure 
Company," and enabling the Company to raise capital to the extent of 
100,000^. 

" In February, 1862, the Directors resolved that temporary works 
should be erected in Leicester for the purpose of manufacturing the 
manure upon a sufficiently large and practical scale, having in view 
three objects : — ^the first being to ascertain whether the lime process 
effectually disinfected the sewer water, and if so, whether it could be 
practically used upon the large scale ; the second, to ascertain whether 
the removal of the precipitate from the bottom of the reservoir, and 
the abstraction of the water from it by means of centrifugal force, 
' could be practically carried out upon the large scale and at a suffi- 
ciently small cost ; the third object being, to manufacture a sufficient 
quantity of the manure to enable agriculturists to prove its commer- 
cial value, considering that their practical opinions would be a much 
better test than chemical analyses only, and it was resolved that upon 
the result of these trials, the question of proceeding with the Com- 
pany should be decided. Works were accordingly erected, and after 
many alterations and improvements upon the original scheme, which 
probably would not have suggested themselves unless the opportunity 
of carrying the plan out practically had been afforded, the Directors 
were so satisfied with the result, that they felt justified ixx enieiing 
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into a contract with the Town Council of Leicester, undertaking in 
return for the exclusive right to all the sewage water for a period of 
thirty years, to disinfect it, and discharge the water in an innoxious 
state into the river Soar for the same period. 

" The estimated cost of the necessary works is 25,000?., and contracts 
were entered into in April last, for the erection and completion of 
them in last October, but owing to unfortunate and unforeseen circum- 
stances, — ^first, to the delay in obtaining the land ; secondly, to the 
unparalleled wet season which has peculiarly affected these works, the 
site of them being on low marsh ground ; and, thirdly, to the great 
diflSculty in obtaining labour, owing to the strikes amongst the work- 
men, and the delay in obtaining materials, — I am afraid these works, 
which, under ordinary circumstances, might easily have been com* 
pleted in five months, will not be in effective operation much, if at all, 
before next summer. 

** I will now proceed to describe the temporary works and the pro- 
cess, to the maturing of which I have devoted the greatest portion of 
my time for the last two years, and have completely satisfied myself 
that the scheme is not only practicable and remunerative, but may be 
made very profitable when carried out on a larger scale than opportu- 
nity has hitherto afforded. 

" The temporary works at Leicester were erected upon ground be- 
longing to the Town Council, upon the banks of the Leicester 2f aviga- 
tion, near the outfall of the filthiest sewer in the town, a branch from 
which supplied the works with sewer water. The «se of the ground 
was granted to the Company, at a merely nominal rate, by the Town 
Council, who in this, as in other instances, have afforded every facility 
to enable the Company to demonstrate to the public the practicability 
of disinfecting the water and manufacturing the manure. 

"As regards the size of the temporary works, they were calculated 
for a population of 6,000, previous to the introduction of a supply of 
water into the town from the New Water Works. I do not mean to 
imply that we have actually deodorised the sewer water from a popula- 
tion of 6,000 during twelve months, for this would be inaccurate, as 
the constant interruption arising from the practical modifications and 
improvements of the machinery used in the process would of itself have 
. prevented such a course ; but the works have for different periods been 
kept in continuous operation day and night, that I might have the 
opportunity of assuring myself that the process was complete as affect- 
ing the sewer water during any of those periods, the object of these 
temporary works being, as I have before stated, to ascertain whether 
the process could be practically and remuneratively carried out by the 
means proposed. 

"At the commencement of our operations, it was found that the 
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process of deodorising was not perfect, and it was discovered that its 
partial failure was due to the sewage water being in too concentrated a 
condition, the new supply of water to the town having only been in- 
troduced at Christmas last, while the operations of the Company com- 
menced more thau a year and a half ago. To prove whether this con- 
jecture was correct, a portion of the partially deodorized water was 
returned into the engine well, and when the concentrated sewage was 
reduced to a quality equal in strength to that of the metropolitan 
tfewer wateV, the process was completely successful. 

" Professors Aikin and Taylor ascertained the strength of the Lon- 
don sewer water, and determined what amount of dilution was neces- 
sary to reduce the Leicester sewer water to the requisite strength, and 
by their experiments I was guided in my practical operations. 

" Again, it was found that at night, when the manufactories were 
not at work, and the waste water from the engines had ceased to flow 
into the sewer, their contents being chiefly urine and excrementitious 
matter in a state of far greater concentration than the day sewage, the 
effect of the lime was only partial, but upon diluting it as in the for- 
mer case, the process of deodorising ^ras completely successful^the 
effluent water from the reservoir, after the process was completed, 
being perfectly free from all taste and odour, excepting occasionally 
from the lime when it had been used in excess. 

"A quantity of the effluent water from the reservoir was taken in 
August last, by Mr. Theodore West, chemist, of Leeds, and subjected 
to an analysis, and he found that there was not a trace of any other 
matter than carbonate of lime, sulphate of lime, and^ chloride of 
sodium, proving clearly that all noxious matter had been abstracted 
during the process. 

" The mode of operation in this process is as follows : — the water is 
pumped up from the sewer, and into the pipe conveying it to the re^ 
servoir a smaller pipe is introduced, connected with the lime-pump, 
which works stroke for stroke with the sewer water-pump, and the pro- 
cess of deodorising is so rapid that when the mixture of sewer water 
and lime is discharged into the reservoir, there is no noxious odour 
arising from it ; the discharge takes place into the first part of the 
reservoir divided into three compartments, in each of which is an 
agitator worked by the engine : a thorough mixture having thus been 
effected, it flows through the upper end of the reservoir, and is from 
thirty to forty minutes passing through this portion, during which 
time seven-eighths or more of the separated matter has been precipi- 
tated on the bottom of the reservoir ; there still remains, however, 
about one-eighth of solid matter, and which being lighter than the 
first portion, requires a longer time for precipitation, ao as ^ render 
the water clear and bright. 
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" The water is, in fact, two hours in passing from the sewer to the 
furthest end of the reserroir, where it is dischaxK^, and arrangements 
are made to enable the water to flow continuously through the reser- 
voir with as nearly as pra^icfthle the same velocity over the whole 
section, the openings of the discharging gates being proportioned to 
the depth of water in the cross section, and thus the necessity of 
having two reseryoirs, for the purpose of filling one while the water 
in the other is being cleared by deposition, is avoided, for althoagh 
the stream is continuous, its veljocity being only about one-fourth of s^ 

an inch per second, it does not interfere with, or arrest the precipita- 
tion of the solid matter. 

" The operation of removing the procipitate from the bottom of the 
reservoir, so as not to interfere with the continuous flow of the water 
in the reservoir, is performed by means of a screw, which removes the 
precipitated matter into an acyoining well or shaft as rapidly as it is 
formed, without disturbing the process of precipitation which is i 

carried on above it. | 

'* The bottom of the first portion of the reservoir is made to slope | 

towards the centre, along which a culvert runs, semi-circular at bottom 1 

and open at top ; in the bottom of this the screw is laid, and the pre- .j 

eipitate collecting upon it from the sloping sides, is, as the screw re- | 

volves, carried into the acUoining well : the practical working of this S 

arrangement is now completely successful. M 

" It is the combination of these two arrangements ; viz., the con- 
tintR)us current and the removal of the deposit without disturbing the 
supernatant water — ^that has enabled me to reduce the size of the re- 
servoirs to so great an extent : this will be seen hereinafter when I 
give the sizes of the reservoirs I propose for the metropolis. 

'' The next operation is to raise the deposit or mud from the well or 
shaft, by means of a Jacob's ladder, very similar in appearance and 
construction to the ladder of buckets in the dredging machines 
used on the Thames^ excepting that its position is vertical and its 
construction much slighter ; the mud thus raised in a semi-fluid state 
into a tank, flows through a pipe to the centrifugal machine, the ma- 
chine is then set in motion at the rate of about 1,000 revolutions per 
minute, and in half an hour from the time the precipitate lay on the ) 

bottom of the reservoir, it is in a sufficiently dry state to pack in casks j 

or to mould in the form of bricks for fiu-ther drying. 

'^ A given bulk of the manure, when introduced into the centrifugal 
machine, is reduced to about one-third of its original bulk, two-thirds^ 
as water, having been separated from it by the operation. 

" The machines which are now making for the new Leicester Sewage 
Works, are each calculated to turn out 360 lbs. of manure in an honr, 
in the state of consistency previously mentioned. 

" Thus it will be seen, that the whole operation of disinfection and 
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oonverisioii into manure i^ very simple, and I think it must appear evi- 
dent, that after the experience of a year and a half of what may be 
done in works sufficient for a population of 5,000, that by simple mul- 
tiplication of the meansy it may be made available for any population, 
however great ; as in this case the increased quantity of sewage water 
merely involves a simple increase of machinery in proportion to this 
increase, the increase of power for raising it being in direct proportion 
to the quantity. 

*' There is one very important conclusion that may be drawn from 
what has been said ; viz., that an increased supply of water, by which 
means only the greatest and most immediate sanitary effect will be 
produced upon the atmosphere of dwellings in any town, does not 
render the plan just described abortive, on account of the enormously 
increased expense ; but, on the contrary, within certain limits, the 
more the sewage is diluted, the more complete is the effect of the dis- 
infection of the water and the precipitation of the manure, so that 
the sanitary objects of the Commissioners and the commercial in- 
terests of a Company carrying on the works, would not be opposed 
to each other as would be the case in the event of the liquid scheme 
being adopted. 

" In the temporary works at Leicester, although the reservoir, the 
steam-engine and boiler, the machinery for manufeusturing the manure, 
and the store for the manure, whether in casks or exposed in heaps 
for drying, are under one roof, no noxious efi^ct has in the slightest 
degree been caused to the workmen employed in the process; and 
although the manure itself, when taken from the cask and held to the 
nose has a smell which an agriculturist would not object to, neverthe- 
less, no smell whatever is perceptible at the distance of a foot or two 
from the manure. 

" As regards, however, the proposed large works for Leicester, there 
will be two reservoirs, about 200 feet long, and 44 feet wide, two-thirds 
of the area will be covered with an iron girder and brick arch floor for 
the warehouses above, to economise space, and the whole will be roofed 
over; and as this portion of the design is intended to be carried out 
in all future works, however large, all chance of nuisance from expo- 
sure is avoided; but the fact is completely established, that no nui- 
sance does arise either from the reservoirs or in. the process used m 
manufacturing. 

" Upon this pointy, and in corroboration of my statements, I beg 
leave to call your attention to the practical evidence of his Grace the 
Buke of Rutland, given in a letter I had the honour of receiving 
fh>m him; also of Joseph Whetstone, Esq., the Chairman of the Local 
Board of Health ; John Ellis, Esq., late M.P. for Leicester, the Town 
Clerk; Dr. Shaw, and other medical gentlemen of. \^q town of 
Leicester, given in a certificate, which, with another fron^ John Buck, 
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Esq., late Medical Officer of the Leicester Local Board of Health, who 
has had frequent opportunities of witnessing the operation of the 
patent process, are addressed to your honourable Board, as I thought 
it might be more satisfactory to you to haye the evidence of disin- 
terested parties. 

''Although not in a position at present to state what the 'actual 
commercial value of the residual manure will be, because, as before 
intimated, the desire of the directors of the Patent Solid Sewage 
Manure Company has been to leave this to be determined by the re- 
sult of its practical application by the agriculturist, and at present 
the manure that has been so applied has been pro tanto inferior to 
what is intended to be supplied, in its having been chiefly collected 
from the day sewage unmixed with the richer night sewage, and also 
from the fact of its containing 60 or 70 per cent, of water instead of 
20 per cent., which is the quantity it would have contained, if the 
extent of our temporary works had afforded us room for drying it in 
laiger quantities than has hitherto been practicable ; nevertheless, our 
experience has been quite sufficient to prove that, without the neces- 
sity of having recourse to expensive applications of artificial heat, 
simple exposure to atmospheric influence for a few weeks will reduce 
the moisture to 20 per cent., so that, bulk for bulk, the manure in- 
tended for sale will contain twice as much fertilising matter as that 
which has at present been forwarded to agriculturists for trial. The 
present results, however, show that, taking guano at 10/. per ton, the 
manure, as proposed for sale, is at least worth 21. IZa. per ton ; but as I 
stated to the Commissioners verbally, I have considered it safest to 
calculate its commercial value at 2Z. or 21, 28. per ton, and this amount 
would yield, after deducting the cost of manufacture and repairs, a 
fair' per centage upon the capital expended in the construction of the 
works ; but the actual value will not be ascertained until time has 
afforded more extensive experience. But while it is undoubtedly of 
importance that the Commissioners should be satisfied that it is of 
sufficient value to induce capitalists to subscribe for its manufacture, its 
real value, if greater, must depend in some measure upon the favour- 
able locality of the works— ^in relation to the agricultural districts — 
and hence its concentration, by reducing the cost of carriage, will in. 
crease its value, weight for weight; and again, the reduction in the 
cost of manufacture, which the last year's experience has already en- 
abled me to effect, has also shown, that, with laiger opportunities, far- 
ther reductions may be effected, which, I need not remind the Commis- 
sioners, has generally been the case in all new manu&ctures. 

" The cost of manufacture will be proportionably greater in small 
works than in larger ones : my present experience, however, enables 
me to state, that, upon the average, the cost of manu£ftctiire will not 
exceed 20s. per ton." 
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As to the application of his treatment to the sewage of the metro- 
polis, Mr. Wicksteed had been supplied by Mr. Bazalgette, engineer to 
the Metropolitan Commission, with a map and the following parti- 
culars : — 

'' The main sewers of the Eastern Division are capable of being 
terminated at the points A, B, and D, at the river Lea, and their 
contents being separately or collectively manufactured into manure in 
that locality, or they can be continued so as to discharge at mean high 
water at the mouth of the Koding. With this view, A and B will be 
9 feet above Trinity high water at crossing over the river Lea, and 
the sewage could possibly be thei-e converted into manure without 
pumping. 

" The main sewers of the Western Division will have two separate 
flood outlets into the river at the points B and I, the inverts being 
there level with low water. 

" Sewage manure works could be established at both those points, 
or the> sewers could be so connected as to have one establish- 
ment. 

" We have taken the sewage at 5 cubic feet per head, and 
the tables give the sewage thus due to the present population, and 
also due to the ultimate increase of population as estimated by us. 

NoBTHEBN Sewage Intebceftion and Drainage. 



Hackney Brook . . 'A 
Middle Level . . . B 
Low Level . . . C 

Total . . D 


Present Population. 


Prospective Population. 


Cubic Feet 
per Diem. 


Cubic Feet 
perMinute. 


Cubic Feet 
per Diem. 


Cubic Feet 
perMinute. 


462,240 
3,911,040 
3,226,600 


321 
2,716 
2,240 


2,076,040 
4,674,880 
3,416,680 


1,441 
3,177 
2,372 

6,990 


7,698,880 


6,277 


10,065,600 



Western Division. 



(Acton Line . . 
CheyneWalkBranch J y 
to ditto . . . . S 
3 Brentford Line . . G 
( Fulham Branch to do.H 



Total 



169,920 

224,640 

298,080 
37,440 



730,080 



118 
166 
207 



607 



662,400 

224,640 

1,732,320 
139,680 



2,769,040 
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"Memoranda. — The height of the lift, from the inyert of the low 
level sewer at the pumping station near West Ham Abbey, to the 
invert of the high level sewer, is 35 feet, and to Trinity high water 
mark, 26 feet. The height of the lift, from the invert of the sewer at 
r the pumping station in Fulham Meadows to Trinity high water mark, 
is 17i feet." 

Mr. Wicksteed's estimate for works required for treating the sewage 
of the metropolis, according to this arrangement of main sewers was 
as follows : — 

PROPOSED WORKS. 

" Without giving an opinion as to the actual sites that should be 
secured by the Commissioners, which I have no doubt you will agree 
with me would be premature, not to say imprudent, and in the choice 
of which I have no doubt you will be much influenced by your Engi- 
neers, to whom J shall be happy to give my assistance if required, — I 
may state, that it appears to me that four sites at least should be ob- 
tained for the proposed works : the first in the neighbourhood of the 
River Lea, uniting A and B, or the Hackney and the middle levels of 
the northern division ; the second, in the neighbourhood of the same 
river, to receive C, or the low level of the northern division ; the third, 
in the neighbourhood marked I, upon the plans supplied to me by your 
Engineer, uniting the Acton, Cheyne Walk, Brentford, and Fulham 
levels of the Western Division ; and the fourth, on the banks of the 
Thames, on the south side of the river, for the southern sewage. 

'* Supposing, in other respects, these sites to be eligible, there could 
be no objection to them on the part of the Patent Solid Sewage Manure 
Company ; but to repeat what I have hereinbefore intimated, there is 
nothing as regards the disinfecting and manufacturing of the manure 
to prevent either a concentration of, or a further subdivision of ma- 
nufactories ; and if, therefore, it should appear hereafter that a dif- 
ferent arrangement would lead td a reduction in the size and cost of 
the main sewers, or for causes at present not foreseen an alteration 
should be deemed advisable, I see no objection to its being made. 
However, this part of the subject does not appear to me to press in 
such a manner as to lead to the necessity of my delaying the comple- 
tion of this Report ; should, however, tiie sites herein suggested be 
finally determined upon by the Commissioners, the following state- 
ment will represent the principal works that would be required for 
each: — 
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I. — The Quantitt of Land sequibed fob all purposes, No. 1, and 

FOB BeSEBTOIBS, No. 2, INCLUDED IN No. 1. 



let Site . . 
2nd Site . . 
3rd Site . . 
4th Site . . 

Total . . 






No.l. 

Land for 
all Purposes. 


No. 2. 

Land for 
Resenroiu. 


Nal. 

Land for 
all Purposes. 


No. 2. 

Land for 
Reservoirs. 


Acres. 
6 
51 


Acres. 

i 

2 


Acres. 
124 

Si 

7 


Acres. 
4i 
2i 
If 
2i 


21i 


H 


3U 


.lOi 



II. — ^FuLL AND Average Poweb op Pumping Engines and Coals. 



1st Site . . 
2nd Site . . 
3rd Site . . 
4th Site . . 

Total . . 


Full 
Power. 


Arerage 
Power. 


Coals per 
Annum. 


FuU 
Power. 


Average 
Power. 


Coals per 
Annum. 


H.P. 

Nil 
223 

225 


H.P. 
Nil 

im 

25 
. 150 


Tons. 

Nil 

1545 

342 

1560 


H.P. 
Nil 
236 
141J 
270 


H.P. 
Nil 

157 

94i 

180 


Tons. 

Nil 
1635 

981 
1872 


485i 


323i 


3447 


647i 


4315 


4488 



" With the exception of the land and approaches, the above works 
would have to be provided and maintained by the Company, and 
in addition the Company would have to provide ' for manufacturing 
purposes — 

Engine-power for present population 2,955 horses' power 

Ditto for prospective ditto 4,286 „ „ 

Coals, per annum, for present ditto 26,341 tons 
, Ditto, ditto, for prospective ditto 38,205 „ 
" To show the importance of having manufactories established on 
sites accessible for carriage, I may state, that the probable present and 
prospective annual tonnage of coals, lime, and manure, will be as 

follows : — 

Tons. 
For present population . . . 214,000 per annum 

Por prospective ditto .... 810,000 „ 

" The capital required for the construction of It'orka for the prospec- 
tive popuktion would not exceed 1,000,0002. sterling." 
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Accounts of Commissioners, 63. 

Acts, 1848 and 1849, Sewers, 46. 

Ainger's plans, 28. 

Ammonia, escape of, 16. 
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No. 3. Latest proceedings of Metro- 
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195. 
No. 4. Extracts from Mr. Wick- 
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Application of sewer- water, 25. 

Aqueduct, Croton, 137. 

Ashburton, use of sewage at, 28. 

Ashton-under-Lyne, supply of water, 
79. 

Basement drainage, 160. 

Bath, supply of water, 86. 

Bazalgette's report, 55. 

Bill, " Great London Drainage," 71. 

Bilston, supply of water, 85. 

Birmingham sewers, 111. 

Bishopsgate Street sewer, 38. 

Board of Health v. Commissioners of 
Sewers, 69. 

Bones for manure, 4. 

Bonssingault's experiments, 4. 

Brecon sewers, 112, 

Bristol sewers, 112. 

Buildings, classification of, 144. 

Bunnett's water-closets, 178. 



Capacity of reservoirs, 91. 
sewers, 116. 



Cesspools, 171. 

cleansing, 17. 

Chatham, supply of water, 87. 

Chester sewers, 111. 127. 

Chorlton-on-Medlock, supply of water, 
79. 

Cistern, Hosmer's, 177. 

City of London sewers, 37. 

Classification of buildings, 144. 

sites of towns, 7. 

Cleansing cesspools, 17. 

house-drains, 169. 

sewers, 1 33. 

streets and roads, 99. 185. 

Clitheroe, manuring at, 27. 

Collection of manure, 6. 

Commissioners' accounts, 53. 

invitation for "plans," 

60. 

of Sewers v. Board of 

Health, 69. 

Computation by Farey, 141. 

Concentration, extravagance of, 22. 

Conditions in constructing drains, 1 58. 

Connections of sewers, 131. 

Consideration of sites of towns, 6. 

Constant service of water, 95. 149. 

Construction of sewers, 130. 

Consulting engineers' repoi-t on drain- 
age south of Thames, 65. 

Contents of sewers, 15. 

Conveyance of water, 136. 

Cost of manuring, 26. 

pumping, 141. 

Coyered drains, 101. 
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Craigintinny meadows, 27. 

Cresy's estimate of value of sewage, 
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Croton aqueduct, 1 37. 

Croydon, supply of water, 88. 

Cubitt's estimate for London sewer- 
age, 68. 

report on drainage south of 

Thames, 65. 

Dartford, supply of water, 88. 
Defects of house-tanks, 96. 

London drainage, 11. 
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Depth for drains, 161. 

of sewers, 120. 

Dimensions of sewers, 109. 
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Division II.— Drainage op Towns 
AND Streets. 
Section I. Classification of towns, 

&c., 1. 
Section II. Supply of water, &c., 

72. 
Section III. Drainage of streets, 

&c., 99. 
Section IV. Main sewers, &c., 106. 
Section V. Conveyance of water, 
&c., 136. 

Division III. — Drainage op Build- 
ings. 
Section I. Classification of build- 

ings, 144. 
Section II. Water-service, 148. 
Section III. House - drains, &c., 

157. 
Section IV. Water - closets, &c., 
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Drainage of basements, 160. 
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. south of the Thames, 68. 
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Drains, conditions in constructing, 

158. 
■ covered, 101. 

deficiency of fall of, 164. 

formed of stoneware -pipes. 
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Egg-shaped sewers, estimates for, 129. 
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Estimates for egg-shaped sewers, 129. 
London sewerage, by Sir 
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sewers. 



52. 
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by Liebig, 4. 
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Fiirey's computation, 141. 
Filters at Nottingham, 92. 
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self cleansing, 90. 
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Fleet sewer, 38. 40. 109, 110. 

Flushing sewers, 43. 134. 
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Forster's plans, 50. 

Frome sewers, 112. 

Functions of sewers, 107. 

Gases in sewage, fixing the, 16. 

General summary, 179. 

Geological objections to tunnel scheme, 

49. 
Geology of York, 81. 
Graduation of drain-pipes, 167. 
- water-pipes, 157, 



trapping, 168. 



" Great London Drainage Bill," 71. 
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Guthrie's apparatus for using rain- 
water, 152. 
Gypsum, to fix gases, use of, 16. 
Hackney-brook sewer, 55. 
Hawksley's calculation, 142. 
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High-level sewer, 61. 
High service of water, 98. 
Holbom and Finsbury sewers, 110. 
Homersham's report, 91. 
Hosmer's cistern, 177. 
House-drains, cleansing, 169. 

trapping/i68. 

House-tanks, defects o£ 96. 
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Irongate sewer, 87. 
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Jets, experiments with, 154. 

use of, at Preston, 1 56. 

Joints of water-pipes, 189. 
Kent and Surrey drainage, 58. 
Lambro river, 24. 
Lancashire reservoirs, 91. 
Lancaster sewers, 111. 
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Liebig on fixing the gases, 16. 
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London, drainage of, 10. 

defects of, 11. 

sewers, 40. 

outfalls of, 11. 
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Water Companies, 97. 
- supply, 76. 96. 



Low-level sewer, 51. 

Machine, Whitworth's, 105. 

Main sewers, 106. 

Manchester, street-sweeping in, 106. 

supply of water, 83. 

Mansfield, use of sewage at, 28. 
Manure, bones for, 4. 

'. Company, sewage, 31. 

quantity of, produced by each 

person, 5. 
Manures, analyses of, 4. 
Manuring at Clitheroc, 27. 

cost of, 26. 

Market-gardens, sewage manuring of, 

31-34. 
Martin's plans, 28. 
Meadows, irrigated, 26. 

Craigintinny, 27. 

near Edinburgh, 25. 

■ Milan, 25. 

Metropolitan Sewers Commission, 46. 
latest proceedings. 
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Milan, sewerage of, 24, 
Naviglio canal at Milan, 24. 
Newcastle - under - Lyne, supply of 

water, 85. 
New Commission of Sewers, 50. 

Kiver, the, 187. 

York, Croton aqueduct at, 137. 

Nitrogen in excreta, 4. 



Nottingham filters, 92. 

' sewers. 111. 

supply of water, 83. 146. 

Open ditches, 101. 
Outfalls of sewers, 11. 44. 
Paisley filters, 92. 
Pans of stoneware, 173. 
Phillips's tunnel scheme, 47. 
Pipe-sewers, 126. 
Pipes for water, 139. 

graduation of, 157. 

Plough, steam draining, 183. 
Portable pumping apparatus, 176. 
Position of receptacles, 119. 
Preston, supply of water, 75. 78. 
— — use of jets at, 156. 
Prices of sewers, 127. 
Private filtering, 150. 
Proportion of streets, 100. 
Public filters, 94. 
Pumping water, cost of, 141. 
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10. 

The New River, 137. 
Towns on tidal rivers, 1. 

relative levels of, 6. 

Town-sewage, quality of, 5. 
Trapping drains, 168. 
Tubular drains, 126. 
Tunnel schemes : — 

Martin's, 28. 

Wicksteed's, 35. 

Phillips's, 47. 

Forster's 50. 
Use of rain-water, 161. 

sewage at Ashburton, 28. 

■ Mansfield, 28. 

for market gardens, 

31-84. 
Uxbridge, supply of water, 87. 



